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Sir: 

^PPT irANTS- BRIEF APPFAT.TOTHE 
^^P^p OF p^-rpxTT APPFAT.S AND INTERFERENCES 

This Appeal Brief is submitted in response to the N6tice of Non-Compliance with 
37CFR §1 192(c)mailed from the United States PatentOfriceonOctober9,2001. A 
three-month extension of time for filing this Appeal Brief is respectfully requested. 

This Brief in support of an appeal to the Board of Patent Appeals and 
Interferences from the final rejection of claims 3-6, 1 1, and 13-16 in the above-referenced 
applicationis submitted in triplicate as required by 37C.F.R. 1.192. Also enclosed are 

Appendices A-D which.are referenced and relied upon herein. 
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RKAL PARTY IN INTEREST 
The Real Party in Interest is the President and Fellows of Harvard College, 
Cambridge, Massachusetts by virtue of an assignment from the inventors of the parent 
application, U.S. Serial No. 08/400,796, which issued as U.S. Patent No. 5,874,531. This 
assignment was recorded at Reel 7540, Frame 0884 on May 15, 1995. 

RFT ATFD APPEALS AND INTERFERENCES 
The Applicants' undersigned legal representative is unaware of another appeal or 
interference which will directly affect, or be directly affected by, or have a bearing on the 
Board's decision in this pending appeal. 

STATUS OF CLAIMS 
Claims 3-6, 1 1 , and 1 3-1 6 are pending in the above-identified application and are 
the subject of this appeal. Claims 1, 2, 7-10, 12, and 17-29 are cancelled. In response to 
an election of species requirement. Applicants elected SEQ. ID. NO. 3 as the peptide 
species and pemphigus vulgaris as the autoimmune disease condition species. Claims 3- 
6, 1 1, and 13-16 are set forth in the attached Appendix A. 

STATUS OF AMENDMENTS 
No amendments were filed subsequent to the Final Office Action mailed from the 
U.S. Patent Office on July 3, 2000. All previous amendments have been entered. 

ST JMM ARY OF THE INVENTION 
Applicants provide the following concise summary of the invention. 

The specification states, at page 6, lines 20-31 that: "The present invention 
provides, in one aspect, pharmaceutical preparations for use in tolerizing individuals to 
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autoantigens. The preparations include a pharmaceutically acceptable carrier and an 
isolated human polypeptide which includes an amino acid sequence corresponding to a 
sequence motif for an HLA-DR protein which is associated with a human autoimmune 
disease. These polypeptides are capable of binding to the HLA-DR protein to form a 
complex which activates autoreactive T cells in subjects having the autoimmune disease. 
The peptides are not derived from human collagen or human myelin basic protein." 

The specification states, at page 7, lines 1-10: "In particular embodiments, such 
pharmaceutical preparations are provided in which the HLA-DR protein is HLA-DR4 
protein and the autoimmune disease is pernphigus vulgaris. In addition, a particular 
sequence motif is provided for pemphigus vulgaris and pharmaceuticals having peptides 
with this motif are provided. Specific embodiments of the pharmaceuticals include each 
of the polypeptides described above with respect to pemphigus vulgaris. Thus, methods 
of tolerizing an individual to a pemphigus vulgaris autoantigen are also provided." 

The specification states, at page 7, lines 1 1-21: "In another set of embodiments, 
the invention provides for pharmaceutical preparations for use in tolerizing individuals to 
antigens of human pathogens which are implicated in human autoimmune disease. The 
preparations include a pharmaceutically acceptable carrier and an isolated human 
pathogen polypeptide which includes an amino acid sequence corresponding to a 
sequence motif for an HLA-DR protein which is associated with a human autoimmime 
disease. These polypeptides are capable of binding to the HLA-DR protein to form a 
complex which activates autoreactive T cells in subjects having the autoimmune disease." 

The specification states, at page 8, lines 1-14: "In another aspect of the invention, 
pharmaceuticals are provided for vaccination against a human pathogen implicated in the 
aetiology of autoimmune disease. These pharmaceutical preparations include a 
pharmaceutically acceptable carrier and an immunogenic preparation effective to 
immunize against a human pathogen. The human pathogen is one which in its native 
form includes a polypeptide having an amino acid sequence corresponding to a sequence 
motif for an HLA-DR protein which is associated with the autoinunune disease. These 
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polypeptides are capable of binding to the HLA-DR protein to form a complex which 
activates T cells which become autoreactive and initiate the autoimmune disease. The 
preparations of the present invention specifically do not include such polypeptides but, 
rather, include other antigens from the pathogen." 

The specification states, at page 8, lines 14-24: "In particular embodiments, such 
pharmaceutical preparations are provided in which the HLA-DR protein is HLA-DR4 
protein and the autoimmune disease is pemphigus vulgaris. In addition, a particular 
sequence motif is provided for pemphigus vulgaris and pharmaceuticals which lack 
peptides having this motif are provided. Specific embodiments of the pharmaceuticals 
include preparations lacking each of the polypeptides described above v^th respect to 
pemphigus vulgaris." 

Although those teachings are summarized above, the Board is strongly urged to 
study the specification before considering the rejections on appeal. A copy of the 
specification is attached as Appendix B. A copy of the parent application, U.S. Serial No. 
08/400,796, which issued as U.S. Patent No. 5,874,53^1 on February 23, 1999, is attached 
as Appendix C. 

ISSUES 

1 . The first issue presented for appeal is whether claims 3-6 and 1 1 , which 
directly or indirectly recite a "human polypeptide consisting essentially of an amino acid 
sequence corresponding to the core MHC binding residues of a sequence motif for an 
HLA-DR protein" are unpatentable under 35 U.S.C. §1 12, 1'' paragraph as being based 
on a nonenabling disclosure. 

2. The second issue presented for appeal is whether claims 13-16, which 
directly or indirectly recite a "human pathogen that in its native form includes a 
polypeptide having an amino acid sequence conresponding to the core MHC residues of a 
sequence motif for an HLA-DR protein" is unpatentable under 35 U.S.C. §112, 1^ 
paragraph as being based on a nonenabling disclosure. 
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3. The third issue presented for appeal is whether claims 13-16 are 
unpatentable under 35 U.S.C. §112, 2nd paragraph as being indefinite. 

4. The fourth issue presented for appeal is whether the double patenting 
rejection of claims 3-6 and 13-16 over claim 3 of U.S. Patent No. 5,874,531 is proper. 

5. The fifth issue presented for appeal is whether appealed claims 3-5 are 
novel in view of Amagai et al. {Autoantibodies against a Novel Epithelial Cadherin in 
Pemphigus Vulgaris, a Disease of Cell Adhesion, Cell Vol., 67, 869-877 (1991), 
hereinafter, *^Amagai"). 

6. The sixth issue presented for appeal is whether appealed claims 13-15 
novel in view of Amagai. 

7. Although Applicant believes that the above-identified issues correspond to 
all of the grounds for the pending rejections. Applicants also appeal any other bases for 
rejection of the pending claims which were not explicitly stated in the Final Office 
Action, but which may be regarded as still pending. 

GROUPING OF CLAIMS 
With regard to Issue 1 , rejected claims 3-6 and 1 1 stand or fall together. 
With regard to Issue 2, rejected claims 13-16 stand or fall together. 
With regard to Issue 3, rejected claims 13-16 stand or fall together. 
With regard to Issue 4, rejected claims 3-6 and 13-16 stand or fall together. 
With regard to Issue 5, rejected claims 3-5 stand or fall together. 
With regard to Issue 6, rejected claims 13-15 stand or fall together. 



ARGUMENT 

Pursuant to 37 C.F.R, §1 .192(c)(8)(iv), the following sections describe antigen 
presentation, discuss the legal standard applicable to the instant application, indicate the 
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specific limitations in the rejected claims that are not disclosed in the applied references, 
and explain how such limitations render the claimed subject matter patentable. 

Autoimmune disease is generally defined as the pathological consequences, 
including tissue injury, produced by autoantibodies or autoreactive T cells interacting 
with self epitopes. An "epitope" is defined as '*an antigenic determinant ... the simplest 
form or smallest structural area on a complex antigen molecule that can combine with an 
antibody or T lymphocyte receptor." (Tlie Illustrated Dictionary of Immunology, CRC 
Press (1995)) Self epitopes are derived from an individual's own proteins. The 
inappropriate response of the immune system against self epitpopes in autoimmune 
disease can cause serious damage to cells and organs, sometimes with fatal consequences. 

The distinction between an antigen and an epitope is critical to the understanding 
of the present invention. The terms 'autoantigen," and "self antigen " as understood in 
the art and used in the instant specification, refer to a full-length protein or a polypeptide 
that includes a self epitope which, as stated above, is the simplest form or smallest 
structural area on a complex antigen molecule that can combine with an antibody or T 
lymphocyte receptor. 

T cell recognition of antigens, including self antigens, involves a tri-molecular 
complex of (1 ) a T cell receptor, (2) an MHC molecule, such as HLA-DR. and (3) a short 
peptide comprising an epitope. (See for example, page 6, lines 27-30, original claims 3 
and 13, and pending claims 3 and 13 which require the that the polypeptides of the 
invention be *Xapable of binding to HLA-DR protein to form a complex which activates 
autoreactive T cells in subject having the autoimmune disease.") When the MHC 
molecule is a Class II molecule, such as HLA-DR, the peptides derived fi^om antigen are 
heterogeneous in size. (See page 5, lines 8-10.) Peptides that bind HLA-DR molecules 
have been reported as ranging in size from 12-25 amino acid long. (See Chicz et al., 
"Predominantly naturally processed peptides bound to HLA-DR 1 are derived firom MHC- 
related molecules and are heterogeneous in size," Nature. 358:764-768 (1992); cited on 
page 5, at line 10 of the original specification.) 
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Particular MHC class II molecules (e.g., HLA-DR) have been closely associated 
with autoimmune disease. For example, HLA-DR4 has been associated with the 
autoimmune condition pemphigus vulgaris (PV). PV is an autoimmune disease of the 
skin which is manifested by blistering lesions of the skin and mucous membranes. (See 
page 2, lines 13-17.) 

The present specification teaches methods of identifying peptides that form part of 
the tri-molecular complex with autoreactive T cells and HLA-DR molecules. Such 
peptides are useful to treat autoimmune diseases, for example, by inducing high dose 
tolerance to thereby render autoantigenic T cells unresponsive to self epitope bound .to an 
HLA-DR molecule. (See page 30, lines 14-31 and page 52, lines 11-15.) 

A large body of clinical and epidemiological evidence suggests that bacterial or 
viral infection may trigger the induction of autoimmunity. (See page 3, lines 13-17.) One 
theory suggests that peptides of a pathogen that closely resembling a self peptides 
"mimic" self epitopes to activate autoreactive T cells and induce autoimmunity. 
Accordingly, the present invention also provides for methods of vaccinating an individual 
against an autoimmune condition by vaccinating the individual against the pathogen with 
a preparation that specifically excludes autoreative peptides from the pathogen, that is, 
peptides that form part of the complex with autoreactive T cells and HLA-DR molecules. 
(See page 32, lines 9-29.) 

Issue 1 - Rejection of Claims 3-6 and 1 1 Under 35 U.S.C. SI 12. First Paragraph 

Claims 3-6 and 1 1 were rejected under 35 U.S.C. §112, first paragraph, as 
allegedly failing to meet the enablement requirement. In particular, the Office Action 
suggested that the specification does not enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected to make and/or use the invention. 

The Office Action states that 'the specification, while being enabling for a 
pharmaceutical preparation comprising a human polypeptide consisting of one of SEQ 
IDS NOS: 1-7, does not reasonably comprise a human polypeptide consisting essentially 
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of an amino acid sequence corresponding to the core MHC binding residues of a 
sequence motif for an HLA-DR protein, nor consisting essentially of one of SEQ ID 
NOS: 1-7." (Emphasis added.) 

Applicants ' Rebuttal of the Rejection of Claims 3-6 and 11 under 35 UXC §112, First 
Paragraph 

According to the MPEP 2111 .03, the transitional phrase "consisting essentially 
or limits the scope of a claim to the specified materials or steps "and those that do not 
materially affect the basic and novel characteristic(s)" of the claimed invention. In re 
Herz, 537 F.2d 549, 551-52. 190 USPQ 461, 463 (CCPA 1976) (Emphasis in original.) 
Furthermore, ;' A 'consisting essentially of claim occupies a middle ground between 
closed claims that are written in a 'consisting of format and fully open claims that are 
drafted in a 'comprising' format." PPG Industries v. Guardian Industries . 156 F.3d 1351, 
1354,48 USPQ2d 1351, 1353-54 (Fed. Cir. 1998). 

"For search and examination purposes, absent a clear indication in the 
specification of what the basic and novel characteristics actually are, 'consisting 
essentially of will be construed as equivalent to 'comprising.'" See, e.g., PPG . 156 F.3d 
at 1355, 48 USPQ at 1355 (Emphasis added.) However, when there is a clear indication 
in the specification of what the basic and novel characteristic are, "the "consisting 
essentially of terminology would ... exclude additional unspecified ingredients which 
would affect the basic and novel characteristics of the product defined in the balance of 
the claim." In re Gamero, 162 USPQ 221, 223 (C.C.P.A. 1969) (Emphasis added.) 

As explained below. Applicants have clearly identified the "basic and novel 
characteristics" of the present invention and therefore the "consisting essentially of 
phrase should be construed as open to those materials that do not materially affect the 
basic and novel characteristics and closed to those materials that do materially affect the 
basic and novel characteristics of the claimed invention. 
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In brief, the present application teaches methods of "defining those amino acids of 
the self or non-self antigen that are needed for MHC binding and TCR [T cell receptor] 
contact" so that "self epitopes involved in autoimmune disease may be identified," (See 
page 5, lines 24-31.) It is these self epitopes (and non-self epitopes that mimic self 
epitopes) that are the active agents of the pharmaceutical preparations for tolerization 
recited in claims 3-6 and 1 1 . Accordingly, the basic and novel characteristics of the 
claimed polypeptides include the ability (1) bind to HLA-DR protein and (2) activate 
autoreactive T cells from a subject having an autoimmune disease. 

Applicants submit that independent clain? 3 (as well as claims 4-6 and 1 1 that 
depend from claim 3) which claims polypeptides that "consist essentially of an amino 
acid sequence corresponding to the core MHC binding residues of the sequence motif for 
an HLA-DR molecule . . . [which] binds to said HLA-DR protein [and] activates 
autoreactive T cells from a subject having said autoinamune disease" embraces only 
polypeptides that bind to HLA-DR and activate autoreactive T cells, and specifically 
excludes peptides that are incapable of binding to HLA-DR and/or activating autoreactive 
T cells. 

Furthermore, the specification expressly states that "peptides including at least the 
MHC binding and TCR contact residues are contemplated as equivalents." (See page 28, 
lines 27-30.) Thus, the present specification clearly indicates that the basic and novel 
characteristics of the claimed polypeptides are the ability to (1) bind to HLA-DR protein 
and (2) activate autoreactive T cells from a subject having an autoinmixme disease. 
Furthermore, the claims explicitly require that the preparations of the invention comprise 
polypeptide that "binds to [said] HAL-DR protein" and "activates autoreactive T cells." 

For the foregoing reasons. Applicants submit that the instant specification fully 
enables pending claims 3-6 and 1 1 when the term "consisting essentially of is interpreted 
property as partially open and partially closed. Under this construction of the "consisting 
essentially of phrase, claims 3-6 and 1 1 include polypeptides with an amino acid 
sequence corresponding to the core MHC binding residues of a sequence motif for HLA- 
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DR protein and other components (e.g., additional amino acids) that do not materially 
affect the ability of the polypeptides to bind to HLA-DR molecules and activate 
autoreactive T cells from a subject having an autoimmune disease. 

Full-length proteins or long polypeptides do not fall within the scope of claims 3- 
6 and 1 1 because, as was notoriously well known in the art at the time the application was 
filed, MHC molecules do not bind full-length proteins or long polypeptides from an 
antigen. MHC molecules bind short peptides that are small fragments of an antigen. The 
distinction between an antigen and an epitope is critical to the understanding of the 
present invention. The ternis "autoantigen," and "self antigen," as understood in the art 
and used in the instant specification, refers to full-length protein or polypeptide that 
includes a self epitope. As stated above, an "epitope" is an antigenic determinant ... the 
simplest form or smallest structural area on a complex antigen molecule that can combine 
with an antibody or T lymphocyte receptor. 

The present application is directed to identification of self epitopes and 
preparations that utilize such self epitopes. The present specification explains that 
although the target antigens implicated in the immunopathogenesis of disease have been 
identified, specific self epitopes have not been identified. See, for example, page 23, 
lines 15-20, which reads: "An ever increasing number of autoimmune diseases are now 
being associated with particular alleles of the MHC class II HLA-DR locus. For most of 
these autoimmune diseases, the self epitope remains unknown . For some, however, the 
self protein involved in autoimmune response is known or suspected. In one aspect of the 
present invention, a method is provided for identifying the self epi topes involved in 
autoimmune diseases associated with HLA-DR alleles ." (Emphasis added.) The 
pharmaceutical preparations of claims 3-6 and the method of claim 11 utilize these self 
epitopes to tolerize (i.e., render autoreactive T cells unresponsive to the self epitope, see 
page 52, lines 12-17) an individual to an autoantigen through MHC class II presentation. 

The specification reiterates the distinction between an autoantigen and self epitope 
in the description of the autoimmune disease pemphigus vulgaris at page 37, lines 16-23 
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"Although the autoantigen for pemphigus vulgaris is known, the precise epitopes within 
the autoantigen have previously remained unknown. Using the methods of the present 
invention, it has been possible to identify a small set of peptides that may serve as the 
autoantigenic determinants. The target antigen of pemphigus vulgaris is an epithelial 
adhesion molecule of the cadherin family, desmolgein 3 (Amagai et aL, 1991) " As stated 
in the Abstract, ^'The peptides relating to pemphigus vulgaris are self epitopes," thus, the 
polypeptides recited in claims 3-6 and 1 1 are essentially self epitopes that form part of the 
HLA-DR/T cell receptor/peptide complex that causes autoimmune disease and they are 
necessarily relatively small peptides. 

Furthermore, the working examples of the polypeptides of the invention that are 
disclosed in the instant specification (SEQ ID NO. 1-7) are peptides that are 15 amino 
acids long, "partly as a result of the computer database search program used (Genetics 
Computer Group program 'Tindpattems") but also corresponding to the size of the cleft 
in MHC class II molecules" (See page 37. lines 10-14; emphasis added.) Thus, the 
instant specification teaches that polypeptides capable of binding to HLA-DR proteins 
may be approximately 1 5 amino acids long. However, the instant specification also 
teaches that shorter or longer peptides "may have utility" and thus, "fall within the spirit 
and the scope of the claims" (See page 28, lines 16-30.) Thus, pending claim 3 which 
recites a pharmaceutical preparation for tolerization ... consisting essentially of an amino 
acid sequence corresponding to the core MHC binding residues of a sequence motif for 
an HLA DR protein, ... [which] binds to said HLA-DR protein [and] activates 
autoreactive T cells" embraces polypeptides that consist of self epitopes (which may be 
heterogeneous in size) and excludes full length proteins and large protein fiagments that 
are too large to form the HLA-DRA' cell receptor/peptide complex. 

The Office Action suggests that "there is no guidance in the specification as to 
what alterations result in a functional polypeptide, i.e., one that binds HLA-DR." 
(Emphasis added.) Applicants submit that the present specification provides detailed 
analysis of the binding pockets of HLA-DR molecules which properly teaches the skilled 
artisan how to predict which peptides are capable of binding to HLA-DR molecules. For 
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example, the claims 5 and 1 5 provide a motif to identify peptides that are capable binding 
to HLA-DR molecules and activating T cells associated with the autoimmune disease 
pemphigus vulgaris. 

The Office Action also suggests that undue experimentation would be required to 
determine what substitutions would be acceptable to retain functional activity. 
Applicants note that *'The test of enablement is not whether any experimentation is 
necessary, but whether, if experimentation is necessary, it is undue ." In re Angstadt . 537 
F.2d 498, 504, 190 USPQ 214, 219 (CCPA 1976). Moreover, Applicants submit that 
neither "extensive experimentation" nor '^undue experimentation" is required to practice 
the claimed invention. 

Tlie identification of amino acid sequences that have functional activity including 
the ability to bind to HLA-DR proteins and to activate autoreactive T cells maybe readily 
determined by various assays that were well known to the skilled artisan at the time the 
present application was filed. For example, functional activity may determined using the 
T cell proliferation assay described in Example 1 of the specification at page 44, lines 1 1- 
22. 

The MPEP 2 1 64.0 1 (a) states: 'The fact that experimentation may be complex 
does not necessarily make it undue, if the art typically engages in such experimentation." 
In re Certain Limited-Charge Cell Culture Microcarriers . 221 USPQ 1 165, 1 174 (hit'l 
Trade Common 1983); Massachusetts Institute of Technology v, A.B. Portia . 774 F,2d 
1 104, 227 USPQ 428 (Fed. Cir. 1985), The specification teaches, at page 25, lines 3-13, 
that the peptides of the invention may be screened for activity using experimentation that 
is typical in the art, for example, by vitro tests for the ability to induce proliferation of 
autoreactive T cells or to induce the secretion of lymphokines (cytokines) form these T 
cells or to induce other effector functions such as cytotoxicity." Accordingly, Applicants 
submit that undue experimentation is not required to practice the claimed invention. 

The Office Action cites the Ngo reference ("The Protein Folding Problem and 
Tertiary Structure Prediction," Merz & LeGrans, Birkhauser, Boston, pages 491-495, 
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1994) to support the assertion that the relationship between the sequence of a polypeptide 
and the tertiary structure is not predictable. As is well known in the art, proteins are 
cleaved into fragments of approximately 12-25 amino acids and bound in the binding 
cieift of the HLA-DR molecule in an unfolded or essentially linear conformation. See 
page 11 6 of Cellular and Molecular Immunology , attached at Appendix D, which states 

cells recognize only linear determinants of peptides defined predominantly by primary 
amino acid sequences that assume extended confirmations within the peptide-binding 
clefts of MHC molecules." Thus, the tertiary structure of the peptide does not materially 
impact the ability of a self epitope polypeptide to bind to HLA-DR molecules and activate 
autoreactive T cells. Accordingly, Applicants submit that the difficulty in predicting the 
folding pattern Cfr tertiary structure of full-length proteins discussed in Ngo is irrelevant to 
the ability of the peptides of the invention to bind to HLA-DR molecules and/or activate 
autoreactive T cells. 

Theretbre, in light of the foregoing reasons. Applicants respectfully request that 
the rejections of claims 3-6 and 1 1 under 35 U.S.C. §112, first paragraph, be reconsidered 
and withdrawn. 

Issue 2 - Rejection of Claims 13-16 Under 35 U.S.C. SI 12. First Paragraph 

Claims 13-16 were rejected under 35 U.S.C. §112, first paragraph, as allegedly 
failing to meet the enablement requirement. In particular, the Office Action suggested 
that the specification does not enable any person skilled in the art to which it pertains, or 
with which it is most nearly connected to make and/or use the invention. 

The Office Action alleges that claim 13 is not enabled for preparations for immunizing 
an individual against a "human pathogen that in its native form includes a polypeptide 
having an amino acid sequence corresponding to the core MHC binding residues of a 
sequence motif for an HLA-DR protein." 
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Applicants ' Rebuttal to the Rejection of Claims 13-16 under 35 t/.5.C §112, First 
Paragraph 

The Office Action alleges that plaim 1 3 is not enabled for preparations for 
immunizing an individual against a "human pathogen that in its native form includes a- 
polypeptide having an amino acid sequence corresponding to the core MHC binding 
residues of a sequence motif for an HLA-DR protein." 

"Transitional phrases such as "composed of " "having " or "being" must be 
interpreted in light of the specification to determine whether open or closed claim 
language is intended. See, e.g.. Regents of the Univ. of Cal. v. Eli Li llv & Co.. 1 19 F.3d 
1559, 1573, 43 USPQ2d 1398, 1410 (Fed. Cir. 1997), cert, denied, 1 18 S. Ct. 1548 
(1998) (In the context of a cDNA having a sequence coding for human PI, the term 
"having" still permitted inclusion of other moieties.). MPEP 21 1 1.03 

Applicants note that the objected to phrase recited in claim 13 sets forth the target 
of the immunization, a pathogen that in its native form includes polypeptides having 
amino acid sequence corresponding to the core MHC binding residues of a sequence 
motif, however, the final limitation of the claim requires that the pharmaceutical 
preparation be free of autoantigens (i.e., peptides with amino acid sequence 
corresponding to the pol>T)eptide that binds to HLA-DR protein and activates autoreactive 
T cells from a subject having the autoimmune disease). Thus, the epitopes described in 
the specification and recited in clams 3-6 and 1 1 are removed from the preparations of 
claims 13-16 to vaccinate an individual against a pathogen associated with autoinunune 
disease without exposing the individual at risk to the autoimmune disease to autoantigens 
that are native to that pathogen. 

The specification teaches that preparation for vaccinating a person at risk of an 
autoimmune disease of the invention may be used to induce immunity against a pathogen 
associated with autoimmunity without exposing the individual to the autoantigens 
associated with the pathogen. Thus, the phrase "having" as used in claim 13 is an open 
transitional phrase, which includes polypeptides native to the pathogen. However, the 
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"free of the amino acid sequence" corresponding to the core MHC binding residues 
limitation specifically excludes epitopes that bind to HLA-DR and activate autoreactive T 
cells. 

Applicants submit, for the reasons stated above, that the instant specification 
properly teaches the skilled artisan how to identify peptides that bind to HLA-DR 
molecules associated with autoimmune disease and activate autoreactive T cells in a 
person having such an autoimmune disease. The instant specification fiirther teaches the 
skilled artisan that an individual at risk of an autoimmune disease, which is associated 
with a human pathogen, may be immunized against the pathogen with a preparation that 
may include polypeptides of the pathogen but certianly excludes (i.e., is fi-ee of) epitopes 
that activate autoreactive T cells in a person inflicted with the autoimmune disease. 

Therefore, in light of the foregoing reasons. Applicants respectfully request that 
the rejections of claims 13-16 under 35 U.S.C. §112, first paragraph, be reconsidered and 
withdrawn. 

Issue 3 - Reiection of Claims 13-16 Under 35 U.S.C. S112. Second Paragraph 

Claims 13-16 were rejected under 35 U.S.C. §1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. In particular, the Office Action suggests that the 
recital of the phrase "wherein said preparation is fi-ee of a polypeptide corresponding to 
said sequence" is unclear. 

• Applicants ' Rebuttal of the Rejection of Claims 1 3-1 6 under 35 U.S. C. §112.2" 
Paragraph 

Applicants submit that claim 13 clearly claims a pharmaceutical for vaccinating 
an individual at risk of an autoimmune disease by vaccinating against a human pathogen 
with a preparations which specifically excludes (is free of) autoantigenic peptides, that is. 
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pathogenic polypeptides corresponding to a sequence motif for HLA-DR protein 
associated with an autoimmune disease. The text of claim 13 reads as follows: 

A pharmaceutical preparation for vaccinating an individual 
' at risk of an iautoimLTriune disease co^^ 
pharmaceutically acceptable carrier and 

an amount of an immunogenic preparation effective 
to immunize against a human pathogen that in its native 
form includes a polypeptide having an amino acid sequence 
corresponding to the core MHC binding residues of a 
sequence motif for an HLA-DR protein^ 

wherein said sequence motif for said HLA-DR 
protein is based upon the structure of the HLA -DR binding 
site 

wherein said HLA-DR protein is associated with said 
autoimmune disease; 

wherein said polypeptide binds to said HLA-DR 
protein: 

wherein said polypeptide bound to said HLA-DR 
protein activates autoreactive T cells from a subject having 
said autoimmune disease; and 

wherein said preparation is free of a polypeptide 
corresponding to said sequence. (Emphasis added.) 

The Office Action suggests that the phrase "free of a polypeptide corresponding to 
said sequence'* is indefinite. Applicants submit that this phrase is amenable to a single 
interpretation, specifically, the preparation is free of autoantigenic peptides, that is, 
peptides that bind to HLA-DR and activate autoreactive T cells are not present in the 
pharmaceutical preparation. 

The Office Action further suggests that the recitation of "includes a polypeptide" 
is unclear because it is not clear whether said polypeptide is a portion of a protein firom a 
pathogenic organism. This phrase, taken in the context of the limitation "inununize 
against a human pathogen that in its native form includes a polypeptide having an amino 
acid sequence corresponding to the core MHC binding residues of a sequence motif for 
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an HLA-DR protein" clearly indicates that the polypeptide recited in claim 13 is a portion 
of a protein from the pathogenic organism. 

Applicants submit that claim 13 satisfies the requirements of 35 U.S.C. §112, 
second paragraph, respectfully request that the rejection of claim 13 and claims 14-16 
(which depend from claim 13) under 35 U.S.C. §112, second paragraph, be reconsidered 
and withdrawn; 



Issue 4 - Double Patenting 

Claims 3-6 and 1 3- 1 6 were rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claim 3 of U.S. Patent No. 
5,874,531 ("the '531 patent^- The Office Action states that "although the conflicting 
claims are not identical, they are patentably indistinct from each other because the 
composition comprising the peptides of claim 3 of the '531 patent are encompassed by 
the instant claims. Applicants note that the instant application is a division of the 
application that issued as the '531 patent and, as such, 35 U.S.C. § 121 prohibits the use 
of the '531 patent as a reference against the instant application. Thus, Applicants 
respectfully request that the double patenting rejection over claim 3 of the '531 patent be 
reconsidered and withdrawn. 

Issue 5 - Rejections of Claims 3-5 Under 35 U.S.C. SI 02(b) 

Claims 3-5 were rejected under 35 U.S.C. § 102(b) as being anticipated by 
Amagai. The Office Action states that "in the absence in the specification of a definition 
of a 'human polypeptide consisting essentially of the claim language is open, and 
inclusive of the full-length autoantigen." 

Applicants ' Rebuttal to the Rejection of Claims 5-5 under 35 U.S,C §1 02(b) 
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As stated above, with regard the § 1 12, first paragraph rejection. Applicants submit 
that the specification clearly teaches the basic and novel characteristics of the invention, 
and the transitional phrase is therefore partially open and partially closed. 

The disclosed invention provides a binding motif to determine which residues of a 
putative antigenic protein are capable of binding autoimmune associated HLA-DR 
proteins and activating autoreactive T cells. As stated above, independent claims 3 and 
13 are intended to embrace polypeptides capable of binding autoinunune associated HLA 
proteins, not a full-length autoantigenic protein as described in Amagai. Thus, 
Applicants submit that Amagai fails to teach or even suggest the invention recited in 
claims 3-5. 

Although Amagai teaches that desmoglein 3 is the full length autoantigen for 
pemphigus vulgaris, Amagai fails to teach or even suggest what short peptides make up 
the self epitopes for pemphigus vulgaris. Applicants submit that inclusion of the full- 
length 103 kD pemphigus vulgaris antigen protein disclosed by Amagai in the 
preparations of claim 3 would materially affect the basic and novel characteristics of the 
preparation and, therefore, the full-length pemphigus vulgaris protein is excluded from 
the scope of independent claim 3. Applicants further submit that one of ordinary skill in 
the art would readily recognize that a preparation for tolerization consisting essentially of 
an isolated peptide capable of binding to HLA-DR and activating autoreactive T cells is 
superior to a preparation containing a full-length protein. 

In conclusion. Applicants submit that independent claim 3 is not anticipated by 
Amagai. Applicants further submit that Amagai does not anticipate claims 4 and 5, 
which depend from claim 3. In light of the foregoing. Applicants respectfully request that 
the 35 U.S.C § 102(b) rejection of claims 3-5 be reconsidered and withdrawn. 
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Issue 6 - Rejections of Claims 13-15 Under 35 U.S.C. S102(b^ 

Claims 13^15 were rejecled under 35 U.S.C. § J 02(b). as being auticipated by . . 
Amagai. TTie Office Action states that "in the absence in the specification of a definition 
of a 'human polypeptide consisting essentially of . . . the claim language is open, and 
inclusive of the full-length autoantigen." 

Applicants ' Rebuttal of the Rejection of Claims 13-15 Under 35 U.S.C. §1 02(b) 

Applicants submit that Amagai fails to anticipate pending claims 13-15 for the 
following reasons. Independent claim 13 recites, in part, a vaccination preparation "that 
in its native preparation includes a polypeptide having an amino acid sequence 
corresponding to a sequence motif for an HLA-DR protein ... wherein said preparation is 
free of a polypeptide corresponding to said sequence" amino acid sequence corresponding 
to a sequence motif for an HLA-DR protein." As stated above, Amagai fails to teach 
what portions or segments of the desmoglein 3 protein contain the autoantigen for 
pemphigus vulgaris. Furthermore, Amagai fails to teach a vaccination preparation which 
includes antigenic polypeptides of a pathogen and excludes polypeptides that activated 
autoreactive T cells from a subject having an autoimmune disease. Thus, Amagai does 
not anticipate claims 13-15. 

In conclusion. Applicants submit that independent claim 13 is not anticipated by 
Amagai. Furthermore, Amagai fails to anticipate claims 14-15, which depend from claim 
13. 

7. The Claimed Invention Is Not Unpatentable Under Any Other Possible Bases 

Applicants believe that the foregoing arguments address each of the pending 
rejections of the pending claims. In particular, the present Brief addresses each of the 
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rejections made in the Final Office Action, However, if the Examiner regards any of 



other rejections as currently pending, Applicant requests that any and all such rejections 
be raised in the Examiner's Answer so that Applicant has an opportunity to respond. 



For the reasons given above, it is respectfully urged that the final rejections be 
reversed and the application be passed to issue with claims 3-6, 1 1, and 13-16. 

A Petition and Fee for a three-month Extension of Time for Response, is 
submitted herewith. Applicants believe that no other fees are necessitated by the present 
filing. However, in the event that any additional fees are due, the Commissioner is 
hereby authorized to charge any such fees to Attorney's Deposit Account No. 20-0531. 



CONCLUSION 



Respectfully submitted. 
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corresponding to the core MHC binding residues of a sequence motif for an HLA-DR protein; g 

<^ 

wherein said sequence motif for said HLA-DR protein is based upon the structure of the 
HLA-DR binding site; 

wherein said HLA-DR protein is associated with a human autoimmune disease; 

wherein said polypeptide binds to said HLA-DR protein; 

wherein said polypeptide bound to said HLA-DR protein activates autoreactive T cells 
from a subject having said autoinunune disease; and 

wherein said polypeptide is a non-collagen and non-myelin basic protein polypeptide, 

4. The pharmaceutical preparation of claim 3 wherein said HLA-DR protein is an 
HLA-DR4 protein and said autoimmune disease is pemphigus vulgaris. 

5. The pharmaceutical preparation of claim 4 wherein said motif is PV motif #1 . 

6. The pharmaceutical preparation of claim 4 wherein said amino acid sequence consists 
essentially of an amino acid sequence selected from the group consisting of SEQ ID NO,: 1, SEQ 
ID NO.: 2, SEQ ID NO.: 3, SEQ ID NO.: 4, SEQ ID NO.: 5, SEQ ID NO.: 6, and SEQ ID NO.: 
7. 

11, A method of tolerizing an individual to an autoantigen of pemphigus vulgaris 
comprising 

administering an effective amount of the pharmaceutical preparation of any one of 
claims 4-6 to a subject in need of such treatment. 
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13. A pharmaceutical preparation for vaccinating an individual at risk of an autoimmune 
disease comprising a pharmaceutically acceptable carrier and 

an amount of an immunogenic preparation effective to immunize against a human 
pathogen that in its native form includes a polypeptide having an ammo acid sequence 
corresponding to the core MHC binding residues of a sequence motif for an HLA-DR protein; 

wherein said sequence motif for said HLA-DR protein is based upon the structure of the 
HLA-DR binding site; 

wherein said HLA-DR protein is associated with said autoimmune disease; 

wherein said polypeptide binds to said HLA-DR protein; 

wherein said polypeptide bound to said HLA-DR protein activates autoreactive T cells 
from a subject having said autoimmune disease; and 

wherein said preparation is free of a polypeptide corresponding to said sequence. 

14. The pharmaceutical preparation of claim l3 wherein said HLA-DR protein is an 
HLA-DR4 protein and said autoimmune disease is pemphigus vulgaris. 

1 5. The pharmaceutical preparation of claim 14 wherein said motif is PV motif #1 . 

16. The pharmaceutical preparation of claim 14 wherein said amino acid sequence consists^ 
essentially of an amino acid sequence selected from the group consisting of SEQ ID NO.: 1, SEQ 
ID NO.: 2, SEQ ID NO.: 3, SEQ ID NO.: 4, SEQ ID NO.: 5, SEQ ID NO.: 6, and SEQ ID NO.: 
7. 
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IDENTIFICATION OF SELF AND NON-SELF ANTIGENS 

IMPLICATED IN AUTOIMMUNE DISEASE ~JECH CENTER 1 600/2900 

■ Field Of the Invent iort • • • • 

The present invention relates to the field of immunology 
and, in particular, to the identification of self and non-self 
antigens implicated in human autoinunune responses. The 
invention relates to methods of identifying such self and 
non-self antigens and provides examples of such antigens 
relating to multiple sclerosis and pemphigus vulgaris. The 
invention also relates to the use of such antigens for -irt 
vitro assays, animal models, therapeutic agents and vaccines. 

Bcckqround of the Invention 
Human autoimmune diseases have a striking genetic 
association with particular alleles of major 

histocompatability complex ("MHC-) class I or class II genes. 
The field was established by the seminal discovery of HLA-B27 
linked susceptibility to ankylosing spondylitis, a chronic 
inflammatory joint disease (Brewerton et al., 1973; 
Schlosstein et al.. 1973). MKC associated susceptibility has 
now been documented for a variety of human autoimmune 
diseases, including insulin dependent diabetes mellitus. 
(IDDM), rheumatoid arthritis (RA). pemphigus vulgaris (PV), 
multiple sclerosis (MS) and myasthenia gravis (MG) , just to 
name a few (Todd et al . , 1987; Ahmed et al., 1990; Ahmed et 
al. 1991; Lanchbury & Panayi, 1991; Spielman S Nathenson, 
1982; Protti et al . . 1993). 

The MHC locus most commonly associated with autoimmune 
disease is the HLA-DRB locus (also known as DRBl). a highly 
polymorphic locus with over fifty known alleles. For example, 
a large body of epidemiological work has documented the 
association of rheumatoid arthritis with the DR4 (DRB1*040U 



r 



H0498/7015 
5963a 

-2- 

DRBl*0404) and DRl (DRB1*0101) alleles, with the DR4 allfijea 
conferring a higher risk than DRl (Lanchbury £< Panayi, 1991). 
The risk is dramatically increased when the subject is 
homozygous or heterozygous for DRB1*0401 and/or DRB1*0404. 
The observation that arthritis is associated with three DR 
alleles that are structurally similar led to the development 
of the 'shared epitope' hypothesis as DRB1*0401, 0404 and 0101 
share critical polymorphic residues in the DRB 67-71 cluster 
(Gregersen et al. 1987; Lanchbury S Panayi, 1991). These 
residues (in particular DRfl 71) appear to be critical irt 
defining the selectivity of peptide binding to the disease 
associated molecules. 

PeT.ohigus vulgaris is an autoimmune disease of the skin in 
which high titer autoantibody production to an epidermal cell 
adhesion molecule (desmoglein 3) results in a loss of 
keratinocyte adhesion (acantho lysis) and severe blister 
formation (Amagai et al., 1991). In different ethnic groups 
the disease is associated either with a DR4 allele (DRB1*0402) 
or with a rare DQl allele (DQB1*05032) ; only a small fraction 
of PV patients have neither susceptibility gene (Mimed et al., 
1991; Ahmed et al., 1990; Scharf et al., 1988b). The DR4 
subtype associated with pemphigus differs only at three - 
positions in the DRB 67-71 cluster from the pR4 subtype 
associated with RA. The PV associated molecule has a negative 
charge (Glu) at the critical position (DRB 71); the 
neighboring position (DRB 70) is also negatively charged. The 
DR4 subtype associated with PV is the only one that carries a 
negative charge at DRB 71; a positive charge (Arg) is found at 
DRB 71 in the RA associated DR4 molecules. 

With respect to multiple sclerosis, recent immunological 
studies suggest that myelin basic protein (MBP) may be one of 
the important target antigens in the immunopathogenesis of the 
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disease. Several studies have demonstrated that MBP specific 
T. cells, are clonally expanded in MS patients and. in an in vivo 
activated state (Allegretta et al., 1990; Wucherpf ennig et 
al., 1994b; Zhang et al . , 1994). Reactivity with the 
immunodominant MBP(84-102) peptide is found predominantly in 
subjects carrying HLA-DR2 (the roost common subtype of which is 
DRB1*1501), a genetic marker for susceptibility to MS. The 
MBP( 84-102) epitope can also be presented by other MHC class 
II antigens, including HLA-DQl (Ota et al., 1990; Martin. et 
al., 1990; Pette et al., 1990; Wucherpf ennig et al . , 1994a). 
In vivo , the T cell response to this pe£)tide appears to be 
dominated by a few expanded clones. 

While associations between MHC alleles and disease states 
have implicated autoimmunity in the aetiology of these 
diseases, a large body of clinical and epidemiological 
evidence suggests that infections may be important in the 
induction of autoimmunity. For example, particular viral 
infections frequently precede autoimmune myocarditis and type 
I diabetes (IDDM) (Rose et al., 1986; Ray et al. , 1980). 
Environmental agents also influence the risk of developing 
multiple sclerosis as demonstrated by migration studies. 
Individuals that migrate after age 15 carry the risk foe 
developing MS associated with their geographic origin while 
individuals who migrate earlier in life acquire the risk of 
the geographical region to which they migrated (Kurtzke, 
1985) . These studies are consistent with the hypothesis that 
a group of pathogens that are relatively ubiquitous in a 
certain geographic region influence the risk of developing 
multiple sclerosis (MS). The roechanisro(s) leading to clonal 
expansion of MBP reactive T cells remain to be identified but 
could involve recognition of viral peptides with sufficient 
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structural similarity to the immunodominant MBP peptide Ti).e 
initiation pf autoimmunity by such a mechanism cpuld then lead 
to sensitization to other CNS self antigens by determinant 
spreading (Lehmann et al., 1992; Kaufman et al . 1993; Tisch et 
al . , 1993). Consonant with this hypothesis, it has been noted 
that inflammatory CNS disease can follow infection with a 
number of common viral pathogens, such as measles and 
rubella. On the other hand, the absence of virus in the CNS 
of these patients and reactivity to myelin basic protein. in 
these patients suggest an autoimmune mechanism ( Johnson "et 
al,, 1984). 

Efforts to identify sequence homologies between self 
peptide epitopes that might be involved in autoimmunity and 
various bacterial and viral pathogens have therefore been 
made- These homology searches have focused on alignments with 
sequence identity. No success has been reported using such 
alignments in identifying epitopes from pathogens that could 
cross react with presumably pathogenic T cell lines from human 
patients with autoimmune disease (Oldstone, 1990). A sec[uence 
identity was recently found between an epitope in' a Coxsackie 
virus protein and GAD65, suspected of being an autoantigen in 
diabetes- These peptides could reciprocally generate 
polyclonal T cell lines from mice that cross react with the 
other peptides (Tian, et al., 1994). No evidence, however, 
was provided that these peptides could stimulate clones from 
diabetic mice (or humans). 

Recent developments in the field, in particular the 
identification of allele specific peptide binding motifs have 
transformed the field (Madden et al., 1991; Rbtschke & Falk, 
1991), Based on this knowledge the structural basis for MHC 
linked susceptibility to autoimmune diseases can be reassessed 
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at a level of detail sufficient for solving longstanding 
questions in the field. Motifs for peptide binding to several 
MHC'class I arid class" il molecules have been defined' by 
sequence analysis of naturally processed peptides and by 
mutational analysis of known epitopes. MHC class I bound 
peptides were found to be short (generally 8-10 amino acids 
long) and to possess two dominant MHC anchor residues; MHC 
class II bound peptides were found to be longer and more 
heterogeneous in size (Madden et' al., 1991; Rotschke €. Falk, 
1991; Jardetzky et al. 1991, Chicz et al. 1992, 1993), - Due to 
the size heterogeneity, however, it has proven more difficult 
to define MHC class II binding motifs based on sequence 
alignments. More recently, a crystal structure for HLA-DRl 
demonstrated that there is a dominant hydrophobic anchor 
residue close to the N-terminus of the peptide and that 
secondary anchor residues are found at several other peptide 
positions (Brown et al., 1993). Even this work, however, 
could not provide a detailed description of the binding 
pockets of HLA-DR proteins, the particular residues involved 
in the formation of these pockets or the structuril 
rec[uirements or antigens for MHC binding. 

In the present disclosure, a detailed description of the 
1 HLA-DR antigen binding pockets is provided (Stern et al., 
1994). With this information, together with functional 
information defining those amino acids of the self or non-self 
antigen that are needed for MHC binding and TCR contact (e.g., 
Wucherpfennig et al. 1994, 1995), binding motifs for the 
various HLA-DR allotypes may be developed, self epitopes 
involved in autoimmune disease may be identified and a method 
is provided for identifying bacterial and viral epitopes which 
may initiate a human autoimmune response. 
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Summary of the Invention - - 

The present invention provides, in. one aspect., seven 
different isolated polypeptides derived from the hximan 
desmoglein 3 protein and implicated as self epitopes in the 
autoimmune disease pemphigus vulgaris (PV) . These peptides 
consist essentially of the seven amino acid sequences 
disclosed herein and designated SEQ ID NO. : 1 through and SEQ 
ID NO. : 7. In particular, the invention provides isolated 
peptides which consist of these sequences, the core MHC . 
binding residues of these sequences, or the inner core MHC 
binding residues of these sequences. 

The present invention provides, in another aspect, eight 
different isolated polypeptides derived from human pathogens 
but implicated in the aetiology of the autoimmune disease 
multiple sclerosis. These peptides consist essentially of the 
eight amino acid sequences disclosed herein and designated SEQ 
ID NO.: 8 through SEQ ID NO.: 15. In particular, the 
invention provides isolated peptides which consist of these 
sequences, the core MHC binding residues of these .sequences , 
or the inner core MHC binding residues of these sequences. 

In another set of embodiments, the invention provides for 
pharmaceutical preparations for use in tolerizing indiviniuals 
to autoantigens. The preparations include a pharmaceutical ly 
acceptable carrier and an isolated human polypeptide which 
includes an amino acid sequence corresponding to a sequence 
motif for an HLA-DR protein which is associated with a human 
autoimmune disease. These polypeptides are capable of binding 
-to the HLA-DR protein to form a complex which activates 
autoreactive T cells in subjects having the autoimmune 
disease. The peptides are not derived from h\iman collagen or 
human myelin basic protein. 
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In particular emtjodiments. such pharmaceutical _ _ 

preparations are provided in which the HLA-DR protein is 
HLA-DR4 protein and the autoimmune disease is pemphigus 
vulgaris. In addition, a particular sequence motif is 
provided for pemphigus vulgaris and pharmaceuticals having 
peptides with this motif are provided. Specific embodiments 
of the pharmaceuticals include each of the polypeptides 
described above with respect to pemphigus vulgaris. Thus, 
methods of tolerizing an individual to a pemphigus vulgaris 
autoantigen are also provided. 

In another set of embodiments, the invention provides for 
pharmaceutical preparations for use in tolerizing individuals 
to antigens of human pathogens which are implicated in human 
autoimmune disease. The preparations include a 
pharraaceutically acceptable carrier and an isolated human 
pathogen polypeptide which includes an amino acid sequence 
corresponding to a sequence motif for an HLA-DR protein which 
is associated with a human autoimmune disease. These 
polypeptides are capable of binding to the HLA-DR protein to 
form a complex which activates autoreactive T cells in 
subjects having the autoimmune disease. 

In particular embodiments, such pharmaceutical 
preparations are provided in which the HLA-DR protein is 
HLA-DR2 protein and the autoimmune disease is multiple 
sclerosis. In addition, three particular sequence motifs are 
provided for multiple sclerosis and pharmaceuticals having 
peptides with at least one of these motifs are provided. 
Specific embodiments of the pharmaceuticals include each of 
the polypeptides described above with respect to multiple 
sclerosis. Thus, methods of tolerizing an individual to a 
multiple sclerosis foreign antigen are also provided. 
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In another aspect of the invention, pharmaceuticals are_ 
provided for vaccination against a human pathogen implicated 
in the aetiology of autoimmune disease. These pharmaceutical 
preparations include a pharmaceut ically acceptable carrier and 
an immunogenic preparation effective to immunize against a 
human pathogen. The human pathogen is one which in its native 
form includes a polypeptide having an amino acid sequence 
corresponding to a sequence motif for an HLA-DR protein which 
is associated with the autoimmune disease. These polypeptides 
are capable of binding to the HLA-DR protein to form a complex 
which activates T cells which become autoreactive and intiate 
the autoimmune disease. The preparations of the present 
invention specifically do not include such polypeptides but, 
rather, include other antigens from the pathogen. 

In particular embodiments, such pharmaceutical 
preparations are provided in which the HLA-DR protein is 
HLA-DR4 protein and the autoimmune disease is pemphigus 
vulgaris. In addition, a particular sequence motif is 
provided for pemphigus vulgaris and pharmaceuticals which lack 
peptides having this motif are provided. Specific embodiments 
of the pharmaceuticals include preparations lacking each of 
the polypeptides described above with respect to pemphigus 
vulgaris. Thus, methods of immunizing an individual against 
pathogens which may cause pemphigus vulgaris are also provided. 

Similarly, pharmaceutical preparations are provided in 
which the HLA-DR protein is HLA-DR2 protein and the autoimmune 
disease is multiple sclerosis. Three particular sequence 
motifs are provided for multiple sclerosis and pharmaceuticals 
which lack peptides having any of these motifs are provided. 
Specific embodiments of the pharmaceuticals include 
preparations lacking each of the polypeptides described above 
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with respect to multiple sclerosis. Thus, methods of _ 
immunizing an individual against pathogens which may cause 
multiple sclerosis are also provided. 

The pharmaceutical preparations for immunizing against 
pathogens that may cause multiple, sclerosis may particularly 
include inactivated forms of the pathogen in which the 
polypeptide corresponding to the motif are removed or 
recombinant ly altered. Thus, the invention provides such 
vaccines in vhich the pathogen and polypeptide are, 
respectively. Herpes simplex virus and UL15 protein. Herpes 
simplex virus and SEQ ID NO.: 8, Adenovirus and Adenovirus ORF 
protein. Adenovirus and SEQ ID NO.: 09, Pseudomonas aeruginosa 
and phosphomannomutase protein, Pseudomonas aeruginosa and SEQ 
ID NO. : 10, Papillomavirus and L2 protein. Papillomavirus and 
SEQ ID NO.: 11, Epstein-Barr virus and DNA polymerase protein, 
Eps'tein-Barr virus and SEQ ID NO.: 12, Influenza virus and 
hemagglutinin protein. Influenza virus and SEQ ID NO-: 13, 
Reovirus and sigma 2 protein, Reovirus sand SEQ ID NO.: 14, 
Herpes simplex virus and DNA polymerase, and Her£)es simplex 
and SEQ ID NO. : 15. ' 

The present invention also provides general methods for 
evaluating a peptide for an ability to induce an autoimmune 
response. These methods involve choosing an MHC HLA-DR 
molecule associated with the autoimmune response, selecting at 
least two major MHC binding pockets of the HLA-DR molecule, 
identifying sets of amino acid residues which bind within each 
of the selected pockets, developing a sequence motif for the 
HLA-DR molecule in which the sets of amino acids define the 
allowed amino acids at the corresponding positions of the 
motif, and then comparing the amino acid sequence of the 
peptide to the sequence motif. Peptides which match the motif 
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have a much greater likelihood of inducing the autoinunune _ 
.disease. ..In addition,, if there is. a known epitope implicated 
in the disease, the method may further include selected at 
least one TCR contact residue of the epitope, identifying a 
set of amino acid residues which may serve as the TCR contact, 
and including this set in the motif at the appropriate 
position. In preferred embodiments, the motifs include 
restrictions on the residues at positions corresponding to at 
least the Pi MHC binding pocket and at least one of the P4 and 
P6 pockets . 

In another embodiment of the invention, methods are 
provided specifically for identifying foreign antigens 
implicated in human autoimmune response. These methods 
include the same steps as the previously described methods, 
but further include a comparison of the resulting sequence 
motif to sets of human pathogens. In preferred embodiments, 
peptide sequences from one or more species in the normal human 
intestinal flora are excluded from consideration. In another 
preferred embodiment, sequences from one or more species of 
pathogen which is negatively correlated with the incidence of 
the disease are excluded. In a most preferred embodiment, the 
human pathogen peptides are searched and evaluated on a - 
computer database using the motif as a search criterion. 

Brief Description of the Drawings 
Figure 1 illustrates the pockets in the HLA-DRl peptide 
binding. The upper right shows a top view of the molecular 
surface (1.5 Angstrom probe radius) of the HLA-DRl 
peptide-binding site with the Ca trace of the HLA-DRl shown 
as thin lines. Pockets that accomodate the peptide side 
chains of an antigen (in this case Influenza virus 
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hemagglutinin) are shovm in detail in surrounding viewst_and 
are nvimbered as described herein. The PI pocket accomodates 
the Tyr (308) of the antigen. The P4 , P6. P7 and P"9 pockets 
bind antigen residues Gin (311), Thr (313), Leu (314) and Leu 
(316) respectively. Antigen peptide side chains and the 
nearby peptide main chain are represented by CPK models and 
HLA-DR side chains in contact with the peptide are indicated 
as stick models. Pockets are viewed in the plane of the 
peptide binding site, towards the N terminus of the peptide 
(PI and P6), towards the C terminus of the peptide (P4)", 
towards the helical region (P7) or towards the 
helical region (P9). A full color version of this figure may 
be found in Stern et al., 1994. 

Detailed Description of the Invention 
The present invention relates to a method of identifying 
and evaluating peptides for their ability to induce an 
autoimmune response or to cause autoimmune disease. In 
particular, the invention relates to methods of (i) evaluating 
self peptides for their potential involvement in .'autoimmune 
disease when the self epitope or autoantigen is unknown and 
(2) evaluating foreign peptides for their possible involvement 
in the aetiology of autoimmune disease. The invention also 
relates to specific peptides identified by the methods of the 
invention and representing self and foreign antigens 
implicated in, respectively, pemphigus vulgaris and multiple 
sclerosis. 

The methods rely upon the development of amino acid 
sequence motifs to which potential self or foreign epitopes 
may be compared. Each motif describes a finite set of amino 
acid sequences in which the residues at each (relative) 
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position may be (a) restricted to a single residue, (b) - — 

allowed to vary amongst a restricted set of residues, o.r (c) 

allowed to vary amongst all possible residues. For 

consistency in this disclosure, but without limiting the 

invention in any way, these sequence motifs will be symbolized 

as strings of characters in which (a) a position which is 

restricted to a single residue will be represented by the 

one-letter abbreviation for that residue, (b) a position which 

is allovjed to vary amongst a set of residues will be 

represented by a column of the one-letter abbreviations" for 

those residues, and (c) a position which is allowed to vary 

amongst all amino acid residues will be represented by an 

"X." As an example only, a motif might specify that the 

residue at a first position may be any one of the residues 

valine, leucine, isoleucine, methionine, or phenylalanine; 

that the residue at the second position must be histidine; 

that the residue at the third position may be any amino acid 

residue; that the residue at the fourth position may be any 

one of the residues valine, leucine, isoleucine, methionine, 

phenylalanine, tyrosine or tryptophan; and that the residue at 

the fifth position must be lysine. Such a motif would be 

represented by the following character string: - 

V H X V K 
L L 
I I 
M M 
F F 

Y 

W 

In one aspect of the present invention, sequence motifs 
are developed by analysis of the binding domains or binding 
pockets of major histocompatibility complex HLA-DR proteins 
and/or the T cell receptor ("TCR") contact points of epitopes 
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bound to MHC molecules. By providing a detailed structxiral_ 
analysis of the HLA-DR residues involved in forming the MHC 
binding pockets, one is enabled to make predictions of 
sequence motifs for binding to any of the HLA-DR proteins. 

In another aspect of the present invention, secjuence 
motifs developed by the methods disclosed herein may be used 
to identify self peptide epitopes involved in an autoimmune 
response when the autoantigen is known or suspected. 

In another aspect of the present invention, methods of , 
identifying foreign peptide epitopes implicated in autoimmune 
disease are provided. These metbcds involve the use of MHC 
and/or TCR binding motifs to iden-ify peptides derived from 
certain classes of organisms or pathogens which may initiate 
human autoimmune response. In this aspect, the motifs may be 
developed according to the methods of the present invention or 
by other means known in the art. 

Using xhese sequence motifs as search, evaluation, or 
design criteria, one is enabled to identify classes of 
peptides which have a reasonable likelihood of binding to a 
particular MHC molecule and of interacting with a- T cell 
receptor to induce T cell and/or autoimmune response. Use of 
these motifs, as opposed to pure sequence homology (which 
excludes many peptides which are antigenically similar but 
quite distinct in sequence) or sequence homology with 
unlimited "conservative" substitutions (which admits many 
peptides which differ at critical highly conserved sites), 
represents a significant advance in the ability of one of 
ordinary skill in the art to evaluate particular peptides for 
potential involvement in autoimm\ine disease and to search 
computer databases of peptide sequences to identify self and 
foreign peptides which may be involved in autoimmune 



H0498/7015 
5963a 



-14- 



response. In addition, the use of MHC and/or TCR binding _ 
motifs to search limited databases for foreign peptides which 
may be implicated in the aetiology of autoimmune disease is a 
novel application of the concept of binding motifs. 

Detailed examples of the practice of the present invention 
are presented below. The methods of the invention have now 
been used to identify the previously unknown self peptide 
epitopes involved in the autoimmune disease pemphigus 
vulgaris. In addition, the methods have been used to identify 
a class of foreign peptides which may be involved in the 
initiation of autoimmune te§ponse in multiple sclerosis (for 
which the self epitope had previously been identified). 

Thus, in another embodiment, the invention provides these 
peptides, in isolated form, which may be used in various 
diagnostic and therapeutic methods and products alluded to 
below. 

I. The MHC Class II HLA-DR Molecular Mimicry Motif 

The HLA-DR binding site is characterized by five major 
pockets which may bind the amino acid side chains' of antigens 
(Stern et al., 1994, the entire disclosure of which is 
incorporated herein by reference). See Figure 1. The amino 
acid residue of the antigen which binds in the first major 
pocket is designated PI. The remaining residues may then be 
numbered by their positions relative to PI (with positive 
numbers increasing toward the carboxy terminus and negative 
numbers increasing toward the amino terminus): 



P-i . . . P-1 PI P2 P3 P4 . . . Pj 
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Thus, the first major pocket of an HLA-DR molecule, J>y _ 
definition, binds the side chain of residue PI on an antigen. 
The remaining major pockets bihd residUeis P4, P6". P7- and P9 . ' 
These residues are defined as the major MHC contact residues. 

The amino acid side chains of residues P-1, P2, P3 . P5, 
P8, and Pll are oriented away from the HLA-DR binding site 
and, therefore, are available as contact residues for a T cell 
receptor (TCR). All of these residues are defined as TCR 
contact residues. 

A. The MHC Contact Residues 

The first major pocket of the HLA-DR molecule is strongly 
hydrophobic. It is formed by a stretch of residues at about 
positions 85. 86, 89 and 90 of the B chain, a stretch of 
residues at about positions 31, 32 and 34 of the a chain, 
and side chains from residues at about positions 7 and 43 of 
the a chain- For example, in HLA-DRl (DRA, DRB1*0101), the 
first pocket is formed by residues 1385 (Val), B86 (Gly), B89 
(Phe), B90 (Thr), a31 (He), a32 (Phe), a34 (Phe), a7 
(He), and a43 (Trp). The corresponding residues for other 
HLA-DR alleles are known in the art (see, e.g.. Marsh and 
Bodmer, 1992, incorporated by reference herein) and are 
available through genetic databases. 

Although most of the residues that shape the PI pocket are 
from the highly conserved DRa chain, the size and nature of 
this pocket varies due to polymorphisms in the B chain 
residues involved in the pocket. For the DRB1*0101 protein, 
the pocket is large and hydrophobic and can accommodate any of 
the aliphatic or aromatic residues. Polymorphism at the B 
residues, however, may alter the binding capacity of the PI 
pocket. For example, the B86 residue is known to be 
polymorphic. Most commonly, this site is occupied by either 
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Gly or Val. Generally, when Gly is present at B86 (as in _ 
DRB1*0101), any of the aliphatic or aromatic residues m-.y bind 
within the pocket. When Val is present, however ^ the pocket 
is smaller and Tyr and Trp cannot be accommodated. Thus, when 
B86 is Gly, position PI of the molecular mimicry motif may 
consist of residues chosen from V, L, I, A, M, F, Y, W and 
when B86 is Val, position PI of the motif may consist of 
residues chosen from V, L, I, A, M, F. Similar considerations 
apply to the other fi residues of the PI pocket. 

The P4 pocket of HLA-DR molecules is also a relatively 
large, shallow, hydrophobic pocket oriented across the antigen 
binding site. This pocket can bind a variety of large 
aliphatic side chains which can maintain hydrophobic 
interactions along the side and floor of the pocket. The 
pocket is formed by a stretch of residues at about positions 
70, 71, 74 and 78 of the R chain, and side chains from 
residues at about position 13 of the C chain and about 
position 9 of the a chain. For example, in HLA-DRl (DRA, 
DRB1*0101), the P4 pocket is formed by residues 670 (Gin), 671 
(Arg), 674 (Ala), 678 (Tyr), 613 (Phe) , and a9 (Gin). The 
corresponding residues for other HLA-DR alleles are known in 
the art (see, e.g.. Marsh and Bodmer, 1992) and are avaUable 
through genetic databases. 

Like the PI pocket, the P4 pocket is largely hydrophobic 
but its binding capacity is affected by polymorphisms at the 6 
residues involved in the pocket. For example, different DR 
alleles have differently charged residues at position 671: In 
DRB1*0404, 671 is occupied by a positively charged Arg residue 
whereas in DRB1*0402 671 is a negatively charged Glu residue. 
Thus, although this pocket can generally bind a variety of 
aliphatic or aromatic side chains (e.g., V, L, I, A, M, F, Y, 
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W), positively charged P4 antigen residues are disfavored when 
B71 is positively charged and, similarly, negatively charged 
P4 residues are disfavored when B71 is also negative. Similar 
considerations apply to the other R residues of the P4 
pocket. Note that some residues may be involved in forming 
each of two adjacent pockets ( e . g . , B13 in the P4 and P6 
pockets) and therefore the occupancy of one of these pockets 
by a particular amino acid may influence the occupancy of the 
other. 

The P6 pocket of HLA-DR molecules is a relatively shallow 
pocket with a preference for smaller (e.g.. A, G) P6 antigen 
residues. The pocket is formed by the highly conserved all, 
a62, a65 and a66 residues and the highly polymorphic fill 
and CIS residues of the HLA-DR protein. For example, in 
HLA-DRl (DRA, DRBl*010l), the P6 pocket is formed by residues 
all (Glu), a62 (Asn) . a65 (Val), a66 (Asp), fill (Leu) 
and B13 (Phe). The corresponding residues for other HLA-DR 
alleles are known in the art (see, e.g.. Marsh and Bodmer, 
1992) and are available through genetic databases. 

Although there are only two fi chain residues in the P6 
pocket, they vary widely amongst the DR alleles. With a large 
Phe residue at 613 (as in DRBl*010l), the P6 residue is, 
preferably one of the small residues (e.g.. A, G) . In other 
DR alleles, however, fil3 is occupied by smaller or more polar 
residues such as the B13 (His) of DRB1*0401. For such 
alleles, the P6 motif may include somewhat larger and polar 
residues (e.g., S, T, V) but should still avoid the largest 
and aromatic residues. Finally, in some alleles, fill and B13 
are both serine residues (e.g., DRBiniOl) and for these cases 
more hydrophilic or hydrogen bonding residues may be included 
in the motif. 
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The P7 pocket of HLA-DR molecules is also a relatively 
shallow pocket. The pocket is formed by five residues of the 
B chain: 1328, B47, 1361, fl67 and 137li For example, in HLA-DRl 
(DRA, DRB*0101), the P7 pocket is formed by residues B28 
(Glu). B47 (Tyr), fl61 (Trp), fl67 (Leu) and B71 (Arg) . The 
corresponding residues for other HLA-DR alleles are known in 
the art (see, e.g.. Marsh and Bodmer, 1992) and are available 
through genetic databases. This pocket does not appear to 
contribute greatly to the specificity of HLA-DRl byt may be 
important in other alleles. 

The P9 pocket of HLA-DR molecules is generally a small 
hydrophobic pocket and, therefore, small hydrophobic residues 
are preferred at the P9 position of the antigen. This pocket 
is formed by the conserved a chain residues a69, a72, 
a73 and a76 and by the polymorphic R chain residues B9 and 
B57. For example, in HLA-DRl (DRA, DRB1*0101) the P9 pocket 
is formed by a69 (Asn) , a72 (He), a73 (Met), a76 
(Arg). B9 (Trp) and B57 (Asp). The corresponding residues for 
other HLA-DR alleles are known in the art (see, e.g.. Marsh 
and Bodmer, 1992) and are available through genetic databases. 

The P6, P7 and P9 pockets appear to be less important than 
the PI and P4 pockets in binding to DR molecules but they may 
be more important in binding to other isotypes (e.g., the P9 
pocket of DQ may be important). 

B. The TCR Contact Residues 

When there is no known or suspected antigen involved in an 
autoimmune response, the positions of the sequence motif 
corresponding to the TCR contact residues may be left 
unrestricted. That is, absent a known or suspected antigen, 
the TCR contact positions of the motif are preferably allowed 
to vary amongst all of the amino acids. 
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When, on the other hand, there is a known or suspected _. 
antigen involved in ap autoimmune response, at least some of 
the motif positions corresponding to the TCR contact residues 
may be restricted according to the sequence of the antigen. 
Thus, for example, the P2 and/or P3 and/or P5 positions of the 
motif may be restricted to only those residues found at the 
corresponding positions of the antigen. Alternatively, at 
least some of the TCR contact residues of the motif may be 
restricted not just to the corresponding residues of the . 
antigen but may be allowed to vary amongst similarly charged 
and/or structurally similar residues (e.g., K and R) . It 
should be noted, however, that greater conservatism with 
respect to the TCR contact residues of the motif is justified 
by the presumably greater specificity of TCR binding relative 
to the known promiscuity of MHC binding. 
C . Deve loping an HLA-DR Sequence Motif 
Given the present disclosure of the HLA-DR residues 
involved in the formation of the PI, P4, P6, P7 and P9 MHC 
binding pockets, and given the nucleotide or corresponding 
amino acid sequence of any particular HLA-DR allele, one is 
now enabled to develop a sequence motif useful in evaluating 
or predicting the ability of peptides to bind to that MHC 
protein. When a particular antigen is knovm to (or is 
suspected of) binding to the MHC protein, the TCR contact 
residues of that antigen may also be considered in the motif. 

The method first requires the selection of two or more of 
the MHC binding pockets for which the choice of peptide 
residues will be restricted at the corresponding positions of 
the motif. One may select all five of the major binding 
pockets and develop a motif in which the corresponding five 
positions of the motif are restricted or one may select fewer 
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and develop a less restricted motif. As will be obvious- to- 
pne of ordinary skill in the art, a more restricted motif will 
identify a lesser number of peptides in a database search and 
a less restricted motif will identify a greater number of 
peptides. In all instances, at least two of the major binding 
pockets should be selected. When fewer than all five MHC 
binding pockets are selected, it is preferred that at least 
one is PI and that a second is chosen from P4, P6 and P9. 

Either before or after the pockets to be restricted by the 
motif are selected, the set of amino acid side chains likely 
to bind within each of those pockets and, therefore, the set 
of amino acid residues that will define the corresponding 
positions of the motif, must be determined. This may be 
accomplished by one of ordinary skill in the art by 
considering the amino acid residues which form the pocket. 
These residues, identified in Section A above, will determine 
the size and nature <i.e., hydrophobic, hydrophilic, 
positively charged, negatively charged, uncharged) of the 
pocket and consequently, the side chains which may bind within 
the pocket. Reference may be had to Figure 1 during these 
considerations but will become increasingly unnecessary as one 
develops familiarity with the variations of the pockets.- 

As a general matter, in light of the identification of the 
residues forming the MHC binding pockets of the HLA-DR 
proteins disclosed herein, one of ordinary skill in the art 
can easily develop a sequence binding motif for any HLA-DR 
protein for which these residues are known for two or more 
binding pockets. The major considerations are size, 
hydrophobic ity and charge. In light of the present 
disclosure, each of these considerations may be addressed 
according to well-known principles. A baseline is disclosed 
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herein for each pocket for the DRB1*0101 allele. Relative to 
this HLA-DR protein, one of ordinary skill is enabled to 
.develop motifs for other HLA-DR ' alleles Thus, substitutions 
which lead to larger/smaller pockets suggest that the 
corresponding motif positions should be restricted so as to 
permit smaller/larger residues. Similarly, more/less 
hydrophobic pockets suggest that the corresponding motif 
positions should be restricted to more/less hydrophobic 
residues. Finally, positively /negatively charged pockets 
suggest that positively/negatively charged residues should be 
excluded and negatively/positively charged residues may be 
included at the corresponding motif positions. As noted 
above, the present disclosure enables one of ordinary skill to 
develop motifs based upon vell-established principles. 

For example, and not by means of limitation, consider the 
PI pocket of the HLA-DR protein. The residues forming this 
pocket in the DRBl*0101 were described above. For DRB1*0101, 
the PI pocket is large and hydrophobic and can accommodate any 
of the aliphatic or aromatic residues (e.g., V, L., I, A, M. F, 
Y, W). For the DRB1*1602 protein the same is true. On the 
other hand, in the DRBl*1501 protein, the B86 position is 
occupied by Val instead of the Gly found in DRB1*0101 and 
DRB1*1602. This substitution decreases the size of the PI 
pocket in this MHC protein and, as a result, the pocket cannot 
easily accommodate Tyr or Trp side chainis. Thus, for 
DRB1*1501, the sequence motif at position PI may be restricted 
to residues chosen from V, L, I, A, M and F, 

Similarly, in light of the present disclosure, one of 
ordinary skill in the art may consider each of the MHC binding 
pockets, or only selected pockets, and develop a sequence 
motif for any HLA-DR protein for which the residues involved 
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in pocket formation are knovm. These residues will determine 
both the size and nature of the pocket and, thereby, the size 
and natiare of the Residues which may bind within it. " When the 
pocket is relatively small, the largest amino acid residues 
(e.g., Y. W) may be excluded from the corresponding position 
of the motif and, when the pocket is charged, amino acid 
residues of the same charge* may be excluded. 

If a self or foreign epitope involved in immune response 
is known or suspected, and particularly if its TCR contact 
residues can be defined through the use of responsive T'cell 
clones, the TGR contact residues of the epitope may also be 
considered in developing a sequence motif . As with the MHC 
contact residues, all or merely some of the TCR contact 
residues may be restricted in the motif. And, as with the MHC 
positions, the restriction of more positions (or the greater 
restriction of any one position) will result in the 
identification of fewer peptides in a database search. Unlike 
the MHC contact residues, for which at least two positions 
should be restricted in the motif, it is acceptable to omit 
any restrictions of TCR contact residues in the motif. 

If any TCR contact residue positions are restricted in the 
sequence motif, it is preferred that a position selected,f rom 
positions P2, P3 and P5 be chosen. Because, in contrast to 
the relative , promiscuity of MHC binding pockets, TCR contact 
residues appear to have greater specificity, it is preferred 
that any TCR contact residue positions which are restricted in 
the motif be rather narrowly restricted. That is, it is 
preferred that such positions be restricted to just the 
residue found at the corresponding position of the known 
antigen or just to residues which are highly similar in 
structure and charge. 
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For example, and as further detailed below, the MBP _ _ 
(85-99) peptide is known to be the autoantigen implicated in 
multiple sclerosis. The P3 residue of this peptide is Phe 
(residue 91 of MBP) and the P5 residue is Lys (residue 93 of 
MBP). Thus, if P3 is restricted in the motif, it is preferred 
that it be restricted to F or, possibly, to F and Y. 
Similarly, if P5 is restricted, it is preferred that it be 
restricted to only K or to K and the similarly charged R. 
Alternatively, P3 and P5 may be left unrestricted. 

Obviously, MHC and TCR positions not iselected for 
restriction may be represented by, in the notation of this 
disclosure, an X. Similarly, as shown in the examples below, 
several motifs may be developed with varying numbers of 
positions restricted to varying extents. 

I I . Identifying Self Epitopes Using Sequence Motifs 

An ever increasing number of autoimmune diseases are now 
being associated with particular alleles of the MHC Class II 
HLA-DR locus. For most of these autoimmune diseases, the self 
epitope remains \anknown. For some, however, a self protein 
involved in autoimmune response is known or suspected. 

In one aspect of the present invention, a method is - 
provided for identifying the self epitopes involved in 
autoimmune diseases associated with HLA-DR alleles. That is, 
by comparing human peptide secfuences to the sequence motifs of 
the present invention, one is enabled to identify those 
peptides which have the highest likelihood of being the self 
epitopes involved in the disease. 

The method may be applied to any of the autoimmune 
diseases for which an association with a particular HLA-DR 
allele is known and for which the amino acid residues forming 
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the MHC binding pockets (or at least two of the major pockets) 
for that allele are known. In accordance with the method 
discussed herein^ one may then develop one or more sequence 
motifs for the HLA-DR protein associated with the disease. 
Naturally, if the disease is associated with two or more 
alleles, motifs may be developed for the two or more HLA-DR 
proteins and, in particular, a consensus motif may be 
developed using the residues shared by each position of these 
motifs . 

The sequence motif or motifs thus developed are then 
compared to a|)propriate sets of human peptide sequences. The 
human peptide sequences may include all known human sequences 
or may be limited in ways which will be obvious to one of 
ordinary skill in the art. For example, if the disease is 
restricted to particular tissues, the search may be limited to 
peptides found in those tissues. Conversely, peptides which 
are also found in unaffected tissues may be eliminated from 
the search pool. In the most extreme case, when the 
autoantigen is known or suspected but the particular epitope 
is unknown, the search may be limited to sequenced within the 
autoantigen (see Example 1). 

This method may be used to identify a set of peptides 
which match the motif and which are most likely to be self 
epitopes. By varying the number of positions restricted by 
the motifs, and/or the extent of restriction at each position, 
and/or the size of the search pool, the number of peptides in 
the set will, in all likelihood, also be varied. As noted 
above, at least two of the MHC contact positions (e.g.; Pi and 
P4) should be restricted. Depending upon the number of 
peptides in the resultant set, a more or less restrictive 
motif may then be employed to reduce or expand the set. The 



H0498/7015 
5963a 

-25- 

desirec size of the resultant set depends, of course, ugon _the 
subsecjuent intentions of the practitioner of this method. 

Once a set of peptides has been identified/ thiese peptides 
may optionally be screened for activity. The choice of such 
screens is at the discretion of the practitioner and beyond 
the scope of the present invention. Preferred screens, 
however, include in vitro tests for the ability to induce the 
proliferation of autoreactive T cells or to induce the 
secretion of lymphokines (cytokines) from these T cells or to 
induce other effector functions such as cytotoxicity. In some 
circumstances, human in vivo tests may be appropriate aiid iri 
other circumstances animal models of the human disease may be 
available. 

Ill, Identifying Foreign Epitopes Implicated in Human 
Autoimmune Disease 

As noted in the Background section, epidemiological 
evidence has suggested that various bacterial and viral 
pathogens may be implicated in human autoimmune diseases and 
thef concept of molecular mimicry pervades the lit6ratui;e 
(reviewed by Oldstone, 1990). Prior attempts to identify 
particular foreign epitopes involved in human autoimmune 
disease, however, have depended upon direct sequence 
similarity to known human epitopes. The results have been 
disappointing and, to date, no pathogens or peptides derived 
from pathogens have been shown to be a primary cause of human 
autoimmune disease. 

Thus, in another aspect of the present invention, a method 
of identifying foreign epitopes implicated in human autoimmune 
disease is provided. That is, for the first time a method of 
identifying such foreign epitopes is provided which employs 
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sequence motifs to identify foreign peptides which have the _ 
highest likelihood of being involved in the aetiology of human 
autoirrimuhe ' disease .* ' 

The method may be applied to any of the autoimmune 
diseases for which an association with a particular MHC 
protein is known and for which either (1) a sequence motif has 
been developed by prior art methods or (2) a sequence motif 
may be developed by the methods of the present invention. 
When the self epitope is known or suspected, TCR contact . 
residues may be included in the motif. As before, one or more 
motifs may be employed and differently derived motifs may be 
combined to develop consensus motifs. 

The sequence motif or motifs thus developed may then be 
compared to appropriate sets of peptide sequences derived from 
human pathogens. This is most conveniently accomplished using 
genetic databases widely available to those of skill in the 
art. In a most preferred embodiment, the search pool is 
limited in one or more of the following ways: (1) only 
sequences from human bacterial or viral pathogens are 
included; (2) sequences from the normal human intestinal flora 
(e.g., E. coli or other Enterobacteriaceae ) are excluded; and 
(3) sequences from pathogens are included/excluded depending 
upon whether the geographical or epidemiological incidence of 
the pathogens are positively /negatively correlated with the 
incidence of the autoimmune disease in question (see Example 



This method may be used to identify a set of foreign 
peptides which match the motif and which are most likely to be 
involved in the human disease. As before, the number of 
peptides in the set can be varied by using more or less 
restrictive motifs and/or by varying the search pool. Ttod, as 
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before, the resultant set of peptides may subsec[uently be 
subjected to any of a variety of known screens for activity. 

IV, Self and Foreign Epitopes Identified by the Methods of 
the Present Invention 

As detailed in the examples below, the methods of the 
present invention have been employed (1) to identify seven 
self epitopes of the desmoglein 3 protein implicated in 
pemphigus vulgaris and (2) to identify eight foreign epitopes 
from human pathogens implicated in multiple sclerosis. 

Each of these peptides is fifteen residues in length, 
partly as a result of the computer database search program 
used (Genetics Computer Group program "Findpatterns" ) but also 
corresponding to the size of the cleft in.MHC class II 
molecules. The fifth position of each corresponds to the Pi 
residue of the antigen. Thus, the P-2 to Pll residues which 
span the MHC Class II binding cleft correspond to the third 
through fifteenth residues of these sequences. The P-1 to P9 
residues which are important to MHC and TCR binding correspond 
to the fourth through thirteenth positions. The ifiost 
important residues for MHC and TCR binding, P-1 to P6 
correspond to the fourth through tenth positions of these 
sequences . 

SEQ ID NO.: 1 through SEQ ID NO.: 7, also shown in Table 1 
as PVA.l through PVA. 7, correspond to residues 78-93, 97-111, 
190-204, 206-220, 251-265, 512-526 and 762-786 of the human 
desmoglein 3 protein. These peptides are implicated as self 
epitopes in pemphigus vulgaris. Already, as described in 
Example 1. two of these peptides have been shown to cause 
proliferation of T cells isolated from two patients with 
pemphigus. 
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SEQ ID NO,: 8 through SEQ ID NO.: 15, also shown in Table 
2 are internal fragments of the herpes simplex virus UL15 
protein, adenovirus Type 12 OllF/ Pseiidomdria^ aeruc^ino'sa 
phosphomannomutase, human Papi 1 lomavious Type 7 L2 protein, 
Epstein-Barr virus DNA polymerase. Influenza Type A 
hemagglutinin protein, Reovirus Type 3 sigma 2 protein, and 
herpes simplex DNA polymerase, respectively. These peptides 
are implicated as foreign epitopes involved in the aetiology 
or in remissions of multiple sclerosis. As detailed in . 
Example 2 below, each has been shown to be capable of inducing 
the proliferation of autoreactive T cell clones isolated from 
human multiple sclerosis patients. The sequence of the MBP 
(85-99) peptide is disclosed as SEQ ID NO. : 16. 

Each of these proteins has a variety of utilities and, 
therefore, in another aspect, the present invention provides 
each of these peptides in isolated form. In addition to the 
sequences of fifteen residues shown in the Sequence Listing 
and Tables, the present invention also embraces the fragments 
of these peptides corresponding to the MHC binding domain. In 
particular, the invention provides peptides corresponding to 
the P-2 to Pll, P-l to P9 and P-1 to P6 positions of each of 
SEQ ID NO. : 1 through SEQ ID NO. : 15. As will be obvious to 
one of ordinary skill in the art, however, any fragment of any 
of these peptides which includes at least the PI and P4 or at 
least the PI and P6 or at least the P4, P6 and P7 residues may 
have utility and is intended to fall within the spirit and 
scope of the claims. In particular, longer peptides including 
these peptides or peptides including at least the MHC binding 
and TCR contact residues described above are contemplated as 
equivalents . 
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The manner of production of these peptides is _ _ 

inconsequential but they may be isolated and purified from 
their natural sources or thiey may be- synthesized. Because of* 
their relatively short length, it is presently contemplated 
that they should be produced by synthesis. Methods of 
isolation, purification and synthesis of such peptides are 
well known in the art and need not be recited herein. 

The present invention also provides products and methods 
using other peptides which may be identified by the methods of 
the present invention. These peptides, as well as those 
disclosed above, may be used in each of the following 
embodiments. 

The peptides of the present invention may be used for in 
vitro assays to aid in the diagnosis and classification of 
pemphigus vulgaris and multiple sclerosis. For example, 
autoreactive T cells from patients with PV and MS may be 
tested, as in the examples below or by other known assays, for 
reactivity with th^se peptides. The ability or inability of 
these peptides to cause proliferation of the T cells will, in 
the case of pemphigus, allow for a refinement of the diagnosis 
by particular desmoglein 3 epitopes and, in the case of 
multiple sclerosis, allow further classification of the ^ 
disease by cross-reactive (self and foreign epitope) types. 
Immune response to these peptides prior to onset of disease 
may also be used as an indication of susceptibility or 
predisposition although care should be taken so as not to 
induce autoantigenic response. 

The peptides of the present invention may also be used in 
the development of animal models by immunizing animals (e.g., 
mice, rabbits, non-human primates) with these peptides. 
Animals which not only develop a response to the peptide but 
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which also develop an autoimmune disease corresponding to the 
human pathology will have obvious utility as models for the 
human disease. Animals which develop a response to the . • 
peptide without developing any corresponding autoimmune 
disease, will have utility as subjects for experiments 
involving the selective depletion of T cells or other forms of 
desensitization or tolerization. 

Importantly, these peptides and amino acid analogs of 
these peptides will have utility as therapeutic and diagnostic 
agents. The pathogens, viruses or bacteria from which they 
are derived will have utility as vaccinating agents. Some 
examples of the utility of these materials include the 
following . 

The peptide may be administered in high doses to produce 
high dose tolerance. This process of tolerization is 
described in, for example, PCT patent application US93/08456 
(International publication number WO 94/06828). Thus, in one 
set of embodiments, the invention provides for pharmaceutical 
preparations for use in tolerizing individuals to 
autoantigens . The preparations may include a pharmaceutical ly 
acceptable carrier and an isolated hxaman polypeptide which 
includes an amino acid sequence corresponding to a sequence 
motif for an HLA-DR protein which is associated with a human 
autoimmune disease- These polypeptides are capable of binding 
to the HLA-DR protein to form a complex which activates 
autoreactive T cells in subjects having the autoimmune 
disease. By using the peptides disclosed herein or identified 
by the methods of the invention, such pharmaceuticals can be 
used to combat autoimmune response. The use of such 
tolerization to human autoiromiane diseases is known in the art 
and need not be elaborated upon here. Tolerizing doses of 
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collagen for rheumatoid arthritis and myelin basic protei^n for 
multiple sclerosis have been used. The present invention 
therefore specifically does hot embrace these proteins. Other 

peptides, however, may now be identified by the present 
methods and be similarly used to treat autoimmune disease. 

In particular embodiments, such pharmaceutical 
preparations are provided in which the HLA-DR protein is 
HLA-DR4 protein and the autoimmune disease is pemphigus 
vulgaris. In addition, using PV motif ttl, pharmaceuticals 
having peptides with this motif are provided. In most 
preferred embodiments, the pharmaceuticals include at Teast 
one of the polypeptides of SEQ ID NO, 1 through SEQ ID N0.:7. 
Thus, methods of tolerizing an individual to a pemphigus 
vulgaris autoantigen are also provided. 

In a similar set of embodiments, the invention provides 
for . pharmaceutical preparations for use in tolerizing 
individuals to antigens of human pathogens which are 
implicated in human autoimmune disease. The preparations 
include a pharmaceutical ly acceptable carrier andi an isolated 
human pathogen polypeptide which includes an amino' acid 
sequence corresponding to a seqaience motif for an HLA-DR 
protein which is associated with a human autoimmune disease. 
These polypeptides are capable of binding to the HLA-DR 
protein to form a complex which activates autoreactive T cells 
in subjects having the autoimmune disease. Thus, by 
tolerizing ^n individual to these antigens, T cells which are 
cross-reactive with the self antigen will be renedered 
unresponsive or anergized and protection from the disease will 
be afforded. 

In particular embodiments, such pharmaceutical 
preparations are provided in which the HLA-DR protein is 
HLA-DR2 protein and the autoimmune disease is multiple 
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sclerosis. In addition, using the the three MS motifs 
disclosed herein, pharmaceuticals having peptides with at 
least one of these motifs are provided. Specific embodiments 
of the pharmaceuticals include at least one of the 
polypeptides disclosed as SEQ ID N0,:8 through SEQ ID NO.: 
15. Thus, methods of tolerizing an individual to a multiple 
sclerosis foreign antigen are also provided. 

In set of embodiments, pharmaceuticals are provided for 
vaccination against a human pathogen implicated in the 
aetiology of autoimmune disease. These pharmaceutical " 
preparations include a pharmaceutical ly acceptable carrier cuid 
an immunogenic preparation effective to immunize against a 
human pathogen. The human pathogen is one which in its native 
form includes a polypeptide having an amino acid sequence 
corresponding to a sequence motif for an HLA-DR protein which 
is associated with the autoimmune disease. These polypeptides 
are capable of binding to the HLA-DR protein to form a complex 
which activates T cells which become autoreactive and intiate 
the autoimmune disease. The preparations of the present 
invention specifically do not include such polypeptides but, 
rather, include other antigens from the pathogen. That is, a 
vaccine is produced which specifically does not include 
polypeptides which correspond to the sequence motifs for the 
HLA-DR protein and, if known, the TCR contacts of the self 
epitope. Because pathogens present a wide array of antigenic 
determinants, one may eliminate those which corespond to the 
relevant sequence motif and produce a vaccine which is 
effective against the pathogen but which will not include 
peptides implicated in the autoimmune response. 

Such vaccines, lacking peptides corresponding to the 
sequence motifs of the present invention, may be made in any 
convenient manner by one of ordinary skill in the art. For 
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example, when producing an influenza vaccine, one may compare 
the peptide sequences of the influenza virus to sequence 
motifs developed 'According the present invention. " The vaccine 
may then be made excluding the proteins which have the motif 
sequences (e.g. by using a fragment of the virus) or 
recombinant techniques may be used to produce a virus in which 
the sequences corresponding to the motif are altered such that 
they do not match the motif- In preferred embodiments, the 
altered residues are the TCR contact residues and, in 
particular, a substitution which alters the charge of a-TCR 
contact residue i^ preferred. Similar vaccines can be 
developed for bacterial pathogens using, for example, only 
portions of the bacterium (e.g. bacterial surface proteins or 
membrane associated proteins) which lack a motif associated 
with human autoimmune disease or, again, genetically altering 
the vaccine bacteria so as to change residues- 

The motifs which are considered in creating such vaccines 
may be chosen on any of several grounds. If the pathogen to 
which the vaccine is directed is associated with an autoimmune 
disease, a motif may be developed according to the methods 
described herein for an HLA-DR protein associated with the 
disease. If there is also a known or suspected autoanti5en, 
the motif may include TCR contact residues of the self 
epitope. The pathogens protein complement may then be 
compared to the motif and peptides corresponding to the motif 
may be omitted from the vaccine or may be altered by 
recombinant means to produce a vaccine free of such peptides. 
Alternatively, vaccines may be developed with particular 
populations in mind. For individuals suffering from or at 
risk of developing a particular autoimmune disease, special 
vaccines may be developed- In this case, the motif is again 
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chosen on the basis of the HLA-DR protein associated with the 
autoimmune disease and, when known, the TCR contact residuesof 
the self epitope/ 

In particular embodiments, such vaccine preparations are 
provided in which the HLA-DR protein is HLA-DR4 protein and 
the autoimmune disease is pemphigus vulgaris. And, in 
particular, vaccines are provided lacking a peptide 
corresponding to the PV motif #1 disclosed herein- Specific 
embodiments of the vacines include vaccines lacking at least 
one of the peptides disclosed as SEQ ID NO.: 1 through SEQ ID 
NO.: 7. Thus, methods of immunizing an individual against 
pathogens which may cause pemphigus vulgaris are also provided. 

Similarly, vaccine preparations are provided in which the 
HLA-DR protein is HLA-DR2 protein and the autoimmune disease 
is multiple sclerosis. And, in particular, vaccines lacking a 
peptide corresponding to at least one of the three MS motifs 
disclosed herein are provided. Specific embodiments of the 
vacines include vaccines lacking at least one of the peptides 
disclosed as SEQ ID NO.: 8 through SEQ ID NO.: 15. In 
particularly preferred embodiments, the vaccines a^re developed 
from the pathogens listed in Table 2 but lack either the 
entire protein listed as the antigen or lack at least the 
peptides identified in the corresponding sequences « Thus, 
methods of immunizing an individual against pathogens which 
may cause multiple sclerosis are also provided. 

These peptides will also be useful in assessing which 
pathogen(s) may be important in a particular patient. For 
example, the T cells from one patient may proliferate in 
response to one or a few of these peptides, while those from 
another patient may proliferate in response to a different 
peptide or set of peptides. Analogs of the peptides may be 
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synthesized in which one of the T cell receptor contact _ 
residues is substituted. For example, in the case of MS, 
peptides* with the substitution of MBP91F by *91A or of MBP93K 
by 93A may be employed. Such analogs are not, however, 
limited to the substitution of these primary T cell receptor 
contact residues of to substitution by particular amino acids 
such as A. These peptide analogs may be used to energize 
(inactive) autoreactive T cells (see, for example, 
Sloan-Lancaster et al., 1993 and 1994) upon administration to 
autoimmune patients. The viruses or bacterial pathogens may 
be useful in immunization by selecting viral or b&cterial 
strains that do not carry the mimicry epitope. Proteins from 
these pathogens other than those that carry the mimicry 
epitope may also be selected for immunization. This therapy 
may be useful in preventing reinfection and thus remissions of 
the. disease or in preventing initial infections in 
particularly susceptible populations (the most obvious example 
of which is a disease-free identical twin of a patient). 

EXAMPLES 

1, Identification of Self Epitopes of Pemphigus Vulgaris 

As noted above, pemphigus vulgaris (PV) is, in diff^ent 
ethnic groups, associated either with a DR4 allele (DRB1*0402) 
or with a rare DQl allele (DQB1*05032) ; only a small fraction 
of PV patients have neither susceptibility gene (Ahmed et al., 
1991; Ahmed et al . , 1990; Scharf et al., 1988b)- The PV 
associated molecule has a negative charge (Glu) at the critical 
position B71; the neighboring position (B70) is also negatively 
charged. The DR4 subtype associated with PV is the only one 
that carries a negative charge at DRfl 71 (a positive charge 
(Arg) is found at DRfi 71 in the RA associated DR4 molecules). 
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Although polymorphic, the P7 pocket residue DRB 67 { Leu/I le) 
does not appear to be involved in peptide binding but probably 
acts as a TGR contact • residue (Stern et al.> 1994). 

The charge of a polymorphic residue at DRB 71 could 
therefore account for susceptibility to two different 
autoimmune syndromes associated with structurally similar DR4 
subtypes: DR4 alleles associated with susceptibility to 
rheumatoid arthritis have a positive charge at DRB 71 (Arg) 
while the DR4 allele associated with pemphigus vulgaris has a 
negative charge at DRB 71 (Glu), Peptides selective for 
either DR4 molecule may therefore differ significantly in 
their charge at P4 : Peptides with a negative charge at P4 
would be expected to bind to the RA associated molecules but 
not the pemphigus associated DR4 molecule; in contrast a 
positive charge would be expected for the pemphigus peptide(s) 
at position 4, Due to the conserved nature of these molecules 
other peptide anchor residues (PI and P6) would not be 
expected to be different for these DR4 subtypes . 

A sequence motif for selective binding to the HLA-DR 
DRB1*0402 protein was developed according to the method 
disclosed herein. 

The B chain residues involved in forming the PI poQket 
for this allele are B85 (Val), fl86 (Val): fl89 (Phe) and B90 
(Thr), Thus, the presence of Val at B86 (instiead of Gly as in 
DRB1*0101) suggests that the Pi position of the motif be 
restricted to V, L, I, M and F. Alanine might also have been 
included but was not in this example. The P6 pocket is formed 
in part by the fill (Val) and B13 (His) of the DRB1*0402 
protein. Relative to the DRB1*0101 allele, in which these 
residues are Leu and Phe respectively, the P6 pocket of the 
DRB1*0402 protein is somewhat larger and more polar. Thus, 
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for the P6 position of the motif, S, T, N and V were allowed. 
Finally, the P4 pocket of this DR protein is formed in part by 
the residues B13 (His), -670 (Asp>, fi71 (Glu)-/ fi74- (Ala> arid 
fl78 (Tyr). As noted above, the two negatively charged 
residues as B70 and B71 create a preference for positively 
charged antigen residues and, therefore, the motif for the P4 
position was restricted to K and R. 

Thus, the sequence motif for the pemphigus vulgaris 
autoantigen was defined as: . 

Position PI P2 P3 P4 P5 P6 

PV Motif ttl: V X X K X S 

L R T 

I N 

M V 

F 

Although the autoantigen for pemphigus vulgaris is known, 
the precise epitopes within the autoantigen have previously 
remained unknown. Using the method of the present invention, 
however, it has been possible to identify a small set of 
peptides which may serve as the autoant igenic determinants. 
The target antigen of pemphigus vulgaris is an epithelial 
adhesion molecule of the cadherin family, desmoglein 3 (Amagai 
et al-, 1991). Desmoglein 3 mediates Ca^"*" dependent 
adhesion between keratinocytes; the autoantibodies interfere 
with cell adhesion with resulting blister formation (Takeichi, 
1990). The autoantibodies are thought to be pathogenic since 
a transient blistering disease is also seen in newborns of 
affected mothers due to transfer of maternal immunoglobulin to 
the fetus. Transfer of serum or desmoglein 3 specific 
antibodies to mice also results in acantholysis (Amagai et 
al., 1992). 
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Only seven peptides from this large protein (130 kDa^ 099 
amino acids) matched the motif. These seven pemphigus . 
vulgaris antigens (PVA.i-PVA. 7) are presented below in Table i 
with the residues corresponding to the MHC binding positions 
PI, P4 and P6 underlined. 

TABLE 1 

PVA.l (res. 78-93) ATQKITYRISGVGID 
PVA.2 (res. 97-111) FGIFVVDKNTGDINI 
PVA,3 (res. 190-204) LNSKIAFKIVSQEPA 
PVA.4 (res. 206-220) TPMFLLSRNTGEVRT 
PVA.5 (res, 251-265) CECNIKVKDVNDNFP 
PVA.6 (res. 512-526) SARTLNNRYTGPYTF 
PVA.7 (res. 762-786) QSGTMRTRHSTGGTN 

Therefore, the selective presentation of one or several of 
these peptides by the PV associated DRB1*0402 molecule to T 
cells may be critical for initiating autoimmunity in PV. To 
test this, T cell lines were raised from blood mononuclear 
cells of two patients with active disease by stimulation with 
the seven candidate peptides. T cell lines were expanded with 
rIL-2 and tested for recognition of the candidate peptides in 
a proliferation assay. T cell lines from both patients- 
recognized two peptides from the extracellular domain of 
desmoglein 3 (PVA.3 and PVA.4) that were located close to the 
major autoantibody recognition site. These T cell lines were 
HLA-DR restricted as T cell proliferation was blocked by a 
monoclonal antibody specific for HLA-DR but not by a control 
antibody. These desmoglein 3 peptides are therefore 
candidates for the T cell dependent induction of autoimmunity 
in pemphigus vulgaris. 
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The motifs of the present invention relating to the HLA-DR 
proteins can be taken one step further. In a different ethnic 
group PV is assbciated with a rare DQI subtype (DQB1*05032)' 
that differs from the conunon DQI subtype only at position 57 
of the DQB chain (Sinha, et al,, 1988). In the PV associated 
molecule DQfi 57 is negatively charged (Asp) whereas in the 
common DQI subtype it is not. The same position on the DQB 
chain has also been implicated in susceptibility to diabetes. 
In diabetes, however, the reverse is true: DQ2 and DQ8 
molecules associated with susceptibility to diabetes do~ not 
have a negative charge at DQB 57 (Todd et al., 1987). 

Based on these observations it becomes clear that two 
polymorphic positions in the MHC class II B chain (position 71 
of DRB and position 57 of DQB) are critical for selective 
peptide binding and the development of autoimmunity. Based on 
the criteria described above, a diabetes linked peptide would 
be expected to have a negative charge at P9 since such a 
peptide would only bind to DQ molecules that do not have the 
same charge at DQB 57. In contrast, for the DQI associated 
cases of pemphigus, a peptide with a positive charge at P9,may 
be selective for the disease associated molecule which carries 
a negative charge at DQB 57. In the case of DR4 linked^ 
autoimmunity, the charge at peptide position 4 confers 
selectivity to the disease associated DR4 molecule: RA 
peptides have a negative charge at P4, PV peptides a positive 
charge at P4 . Motifs for selective peptide binding may 
therefore prove to be tremendously useful in the identification 
of key epitopes that initiate human autoimmune diseases. This 
approach is expected to be useful not only for identifying 
peptides in PV, RA or diabetes but also for other autoimmune 
diseases where residues critical in peptide binding have been 
linked to disease susceptibility. 



r 



H0498/7015 
5963a 

-40- 



2. Identification of Mimics of the Multiple Sclerosis MBP 
Auto ant i gen 

Susceptibility to MS is associated with HLA-bR2 (DRA, 
DRB1*1501, the most common subtype of DR2) (Spielman et al., 
1982; Olerup et al., 1989). This MHC class II molecule is 
believed to play a critical role m the imraunopathogenesis of 
MS by presenting immunodominant self peptides to autoreactive 
T cells. Following injection of MBP in experimental animals, 
T cells specific for immunodominant peptides of MBP mediate an 
inflammatory response in the CNS that can be accompanied by 
marked demyelinat ion (reviewed in Zamvil and Steihman, 1990). 
In previous studies two regions of human MBP were found to be 
immunodominant (residues 84-102 and 143-168) (Ota et al. 1990; 
Pette et al. 1990; Martin et al. 1990; Wucherpf ennig et al. 
1994a), Reactivity to the MBP(84-102) peptide was 
predominantly seen in subjects carrying HLA-DR2. Using L ceil 
transfectants as antigen presenting cells /HLA-DR2b (DRA, 
DRB1*1501) was found to serve as the restriction element for 
these MBP(84-102) specific T cell clones. 

The MBP( 84-102) peptide binds with high affinity to the 
HLA— DR2b molecule with two hydrophobic residues serving as the 
anchors PI (Val 89 of MBP) and P4 (Phe 92 of MBP) 
(Wucherpf ennig et al,, 1994a; Vogt et al. 1994), At position 
PI, Val 89 can be substituted by other aliphatic amino acids 
(Leu, lie), as well as by methionine and phenylalanine; 
alanine is tolerated at this position but reduces the affinity 
of the peptide for HLA-DR2b, At position P4, all aliphatic 
and aromatic residues are permitted; again alanine is 
tolerated but results in a loss of binding affinity, 

A mutational analysis of putative TCR contact points 
confirms that P3 (Phe 91) and P5 (Lys 93) are TCR contacts for 
the MBP( 85-99) specific clones; other residues such as P-l 
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(Val 88) and P2 (His 90) are important for some clones but not 
for others. Substitution of P3 (Phe 91) by alanine abolishes 
TCR recognition for all clones;' some clones tolerated 
conservative substitutions (eg. tyrosine or aliphatic amino 
acids) while other clones do not. Substitution of P5 (Lys 93) 
by arginine is tolerated by most T cell clones but more 
drastic changes frequently result in a partial or complete 
loss of T cell reactivity. This analysis demonstrates that P2 
(His 90), P3 (Phe 91) and P5 (Lys 93) are the primary TCR 
contact residues for MBP while Pi (Val 89) and P4 (Phe 92) are 
the primary MHC contact residues for MBP, This analysis also 
confirms the present teaching that the TCR contact residues of 
a motif should be highly if not absolutely conserved. 

Based on this structural characterization of the 
immunodominant MBP( 85-99) peptide, three sequence motifs were 
developed to search a protein database for viral and bacterial 
peptides that matched these requirements. The motifs focused 
on the core region of the peptide, residues P-1 to P5 (88-93 
of the MBP protein), which contained the MHC and TCR contacts 
common to all clones. In the first motif, aliphatic amino 
acids were allowed at the first MHC anchor residue Pi while 
both aliphatic and aromatic residues were permitted at the 
second MHC anchor P4. For the TCR contacwS, the Phe 91 at P3 
was absolutely conserved, the Lys 93 at P5 could be 
substituted only by arginine, while the His 90 at P2 and the 
Val 88 at P-1 could be substituted by several structurally 
related amino acids. Thus, the first motif for multiple 
sclerosis antigens was defined as: 
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Position 

MS Motif ttl: 



P-1 
V 
L 
I 
A 
M 



PI 

V 

L 

I 

A 

M 



P2 
H 

N" • 

Q 
F 



P3 
F 



P4 
F 

Y • 

W 

V 

L 

I 

A 

M 



P5 
K 
•R 



The second motif omitted the Val 88 P-1 as a TCR contact 
residue (used only by some clones) and permitted also aromatic 
amino acids at the first MHC anchor PI (Val 89). This was 



HLA-DR2 subtypes: Presentation by DRB1*1501 requires an 



aliphatic and all aromatic residues at this position can serve 
as anchor for DRB1*I602. This difference, as explained above, 
relates to the size of the primary pocket for binding this 
hydrophobic residue and is determined by the Val/Gly 
dimorphism at DRB86 (Val in *1501 and Gly in *1602) (Busch et 
al., 1991). Thus, the second motif for multiple sclerosis 
antigens was defined as: 



done since the MBP(85-99) peptide is presented by different 



aliphatic amino acid or phenylalanine at this position while 



Position PI 
MS Motif «2: F 



P2 

H 

N 

Q 
F 



P3 P4 
F F 



P5 

K 

R 



Y 
W 
V 
L 
I 
A 
M 



Y 
W 
V 
L 
I 
A 
M 



The third secjuence motif represented a modification of the 
TCR contact residues preferred by a subgroup of MBP( 85-99) 
specific clones. For these clones, P5 (Lys 93) was absolutely 
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conserved while P3 (Phe 91) could be substituted by some 
aromatic or aliphatic amino acids. The third motif for 
multiple sclerosis antigens' was defined" as: " ' ' 



Position 


PI 


P2 


P3 


P4 


P5 


MS Motif 113 : 


V 


H 


F 


F 


K 




L 


F 


Y 


Y 






I 


Y 


W 


W 






A 


W 


V 


V 






M 




L 
I 


L 
I 





These HLA-DR motifs also matched well with the structural 
requirements for an HLA-DQl restricted clone specific for the 
MBP(85-99) peptide. This clone required the same minimal 
peptide segment as DR2 restricted clones (residues 87-97). As 
in the DR2 restricted clones, P2 (His 90), P3 (Phe 91) and P5 
(Lys 93) appeared to be the primary TCR contact residues. 
Substitution of these hydrophobic positions by aspartic acid 
greatly diminished the stimulatory capacity of the peptide 
while substitutions by other hydrophobic amino acids were 
tolerated. These data suggest that the MBP(85-99,) peptide is 
bound in a similar fashion to HLA-DR2b and to HLA^DQl and that 
the same peptide residues are critical for interaction with 
the TCR. 

These motifs were used as search criteria in a search of 
protein databases (PIR and SwissProt) using the Genetics 
Computer Group software (program: findpat terns ) . More than 
600 sequences of viral and bacterial origin were identified 
that matched these criteria. From this set, sequences were 
selected based on the following criteria: (1) Viruses known to 
cause human pathology, (2) Viruses prevalent in the Northern 
Hemisphere where MS occurs most frequently, (3) Selected 
bacterial sequences associated with inflammatory CNS disease 
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( such as Borrelia burgdorferi ) and with invasive infect ions_ 
(such as Staphylococcus aureus , Klebsiella pneximoniae and 
P^eudomonas aeruginosa ) . Not included were mOst viruses that 



vaccinia virus and a large number of sequences from E. coli 
(which is part of the normal intestinal flora). When multiple 
antigenic variants were present, one or several sequences that 
best fit the motifs were chosen. The selected peptides were 



motifs ttl and tt2 and 59 peptides for motif tt3. 

These peptides were then tested for their ability to 
activate human MBP(85-99) specific T cell clones that had been 
previously established from blood T cells of two patients with 
relapsing-remitting MS (Wucherpf ennig et al-, 1994a; 
Wucherpf ennig et al., 1994b), Homozygous B cell lines that 
expressed DR2 (DRB1*1501 or DRB1*1602) or DQl were used as 
antigen presenting cells (APCs) in these T cell proliferation 
experiments (Wucherpf ennig et al., 1994a). As a positive 
control, all clones were shown to be activated by' the 
MBP( 85-99) peptide. Seven clones were tested with the 
viral/bacterial peptides selected according to the sequence 
motifs. 

Three of the seven clones tested were efficiently 
activated by several viral/bacterial peptides. The first 
clone (Hy.lBll) was HLA-DQl restricted whereas the other two 
clones (Hy.2Ell and Hy.lGll) were HLA-DR2 restricted 
(Wucherpf ennig et al., 1994a). Among the 70 peptides selected 
according to motifs ttl and M2, three mimicry peptides 
stimulated the DQl restricted clone and two peptides 
stimulated both of the DR2 restricted T cell clones. Among 



cause infections in tropical countries, sequences derived from 



synthesized by Pin-Technology on a 1 mg scale (Chiron 
Mimotopes, San Diego), Seventy peptides were made which fit 
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the group of 59 peptides selected according to motif It3, one 
peptide was identified for the DQl restricted clone while two 

were. identified . for the. DR2 restricted clones 

Taken together, the DQl restricted T cell clone recognized 
five structurally related peptides: the immunodominant 
MBP(85-99) peptide, three viral peptides (from Herpes simplex. 
Adenovirus type 12 and Human Papillomavirus) and a bacterial 
peptide ( Pseudomonas aeruginosa ) , Two of the DR2 restricted 
clones were activated by four peptides. Both clones 
recognized the MBP( 85-99) peptide as well as peptides from EBV 
and Influenza virus. In addition, one clone recognized a 
viral peptide from Reovirus (clone Hy.2Ell) and one recognized 
a peptide from Herpes simplex virus (clone Hy.lGll). These 
results, and the sequences of these peptides, are summarized 
below in Table 2. 

TABLE 2 

Peptides Recognized by Clone Hy.lBll (DQl Restricted): 
MBP(85-99) ENP\A^FFKNIVTPR 
Herpes Simplex, UL15 Protein FRQLVHFVRDFAQLL 
Adenovirus Type 12, ORF DFEWTFLKDVLPEF 
Pseudomonas aeruginosa, Phosphomannomutase DRLLMLFT^KDVVSRN 
Hviman Papillomavirus Type 7, L2 Protein IGGRVHFFKDISPIA 

Peptides Recognized by Clone Hy-2Ell (DR2 Restricted): 

MBP( 85-99) ENPWHFFKNIVTPR 

Epstein-Barr Virus, DNA Polymerase TGGVYHFVKKHVHES 

Influenza Type A, Hemagglutinin YRNLVWFIKKNTRYP 

Reovirus Type 3, Sigma 2 Protein MTVRAT^LFKTVGFGG 
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Peptides Recognized by Clone Hy,lGll (DR2 Restricted): 
WBP( 85-99) ENPWHFFKNIVTPr" 
Epstei-n-Barr Virus ^ DNA polymerase TGGVYHFVKKHVHES. 
Influenza Type A, Hemagglutinin YRNLVWFIKKNTRYP 
Herpes Simplex, DNA Polymerase GGRRLFFVKAHVRES 

For these viral/bacterial peptides to be involved in the 
initiation of autoimmunity, they have to be capable of potent 
T cell stimulation that results in marked clonal expansion of 
autoaggressive T cell clones. The stimulatory capacity -of 
each of these peptides was therefore compared to the 
MBP( 85-99) peptide in a titration experiment. The peptides 
were found to be efficient stimulators of the MBP specific T 
cell clones; in particular the EBV peptide (DR2 restricted 
clones) and the adenovirus peptide (DQl restricted clone) were 
similar to the MBP(85-99) peptide in their stimulatory 
capacity. These results demonstrate that the T cell 
activation is not the result of a minor degree of 
'cross-reactivity' but rather the result of structural 
similarity sufficient for potent T cell activation. 

Comparison of the peptide, sequences that were found to 
stimulate the same TCR revealed several interesting points: 

(1) Only one peptide (Human Papillomavirus L2 protein) had 
striking sequence similarity with the MBP(85-99) peptide in 
that all amino acids in the MBP(89-95) segment except position 
94 (Asn to Asp) were identical (Table 2). For all other 
sequences, simple alignment would not have predicted them to 
be efficient stimulators of MBP(85-99) specific T cell 
clones. Therefore, absent the method of the present 
invention, these peptides would not have been identified. 
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(2) At positions not specified by the search criteria, the 
selection for particular amino acids was still apparent (Table 
2).. For the. DQl . restricted clone; for example; aspartic acid 
was selected at position P6 (residue 94 of MBP), a probable 
TCR contact residue, in all four peptides. This position is 
occupied by asparagine in the MBP peptide (similar size, but 
no negative charge). Substitution of Asn 94 for Asp in the 
MBP peptide markedly increased its stimulatory capacity for 
the DQl restricted clone but reduced it for the DR2 restricted 
clone. Selection also occurred at the neighboring P7 HHC 
contact (lie 95) for which lie, Val or Phe were selected (all 
hydrophobic). 

(3) Different selection events occurred for the DQl and 
the DR2 restricted clones: At position P6 (94 of MBP), there 
was selection of aspartic acid (negative charge) for DQl 
peptides whereas there was selection for lysine (positive 
charge) in two of the three peptides presented by DR2. 

(4) In the flanking segments (residues 85-87 and 97-99), 
no apparent selection took place as amino acids with different 
size and charge were allowed. 

The majority of the viruses from which these sequence 
peptides were identified are common human pathogens: Infjuenza 
Type A frequently causes respiratory tract infections; Human 
Papillomavirus infects epithelial tissues and has been linked 
to cervical carcinomas; and Epstein-Barr Virus (EBV) causes an 
acute viral syndrome (infectious mononucleosis) in young 
adults. Human Herpesvirus I (Herpes simplex), EBV and Human 
Papillomavirus cause latent or persistent infections with 
neurons (Herpes simplex), B cells (EBV) and epithelial cells 
(Papillomavirus) serving as the reservoirs. Viral expression 
can be reactivated by UV exposure and stress (Herpes simplex) 
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and by B cell activation (EBV) (Schwarz et al, 1985; Epstein 
et al . , 1977; Spruance 1985; Tovey et al., 1978). For the 
induction and maintenance of an autoimmune response these 
persistent viral infections are of particular interest as they 
could explain the chronicity of the clinical disease and the 
clonal expansion and persistence of MBP specific T cells. 
Reactivation of viral expression may also be involved in 
triggering clinical relapses. By this mechanism, viral 
peptides could activate resting MBP specific T cells in 
periphery and allow them to invade the CNS- - 

Are these foreign epitopes actually presented to 
autoreactive T cells during a viral infection? The peptide 
from the EBV DNA polymerase allowed this question to be 
addressed. In EBV transformed B cells (which were used as 
antigen presenting cells in the T cell assays) the lytic viral 
cycle is repressed. The DNA polymerase gene is not transcribed 
in this latent state; however, B cell activation results in 
activation of the lytic cycle and in the expression of the DNA 
polymerase gene (Datta et al., 1980). To examine MHC class II 
restricted presentation of the EBV DNA polymerase; an 
HLA-DR2^ EBV transformed B cell line (MGAR) and an MHC 
mismatched control (9001, HLA-DRl) were pretreated for 36 
hours with phorbol ester which was removed by extensive 
washing prior to coculture of APC with T cells. T cell clones 
Hy.2Ell and Hy.lGll, which recognize the EBV DNA polymerase 
peptide presented by HLA-DR2, were activated by a HLA-DR2"*' 
EBV transformed B cell line pretreated with phorbol ester. 
This effect was specific because MHC mismatched B cells did 
not activate the clones; also, a control clone (Ob.lAl2) that 
recognized MBP( 85-99) but not the EBV peptide was not 
activated. In a separate experiment, T cell activation was 
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blocked by a mAb specific for HLA-DR (mAb L243) but not by a 
mAb specific for HLA-DQ (G2a.5). These results demonstrate 
that the MBP specific T.cell clones recognize not only the, . 
viral peptide but also antigen presenting cells infected with 
the virus. In vivo this recognition event could lead to 
chronic antigenic stimulation of MBP specific T cells as B 
cell activation results in the expression of EBV genes/ 
including the DNA polymerase gene. 

Finally, the presentation of the viral peptides by 
different DR2 subtypes was ccir.pared to determine if they are 
efficiently presented by the disease associated molecule 
(DRB1*1501, the most common DR2 subtype). The MBP peptide was 
presented by three of the four DR2 subtypes; the peptide was 
not presented by DRB1*1601 which differs from DRB1*1602 by a 
single amino acid substitution (at position DRB67, a possible 
TCR contact). The two viral peptides were presented much 
better by the DR15 molecules (DRB1*1501 and 1502 which differ 
only at position DRB86) than by DRB1*1602. This was 
particularly evident for the influenza peptide which only 
activated the T cell clone when presented by the ' 
DRB1*1501/1502 molecules but not by DRB1*1602. These results 
indicate that the viral peptides identified herein are ^ 
preferentially presented by the MS associated DR2 molecule 
(DRB1*150I). 

DEFINITIONS 

For clarity of interpretation and to clearly and 
distinctly point out the subject matter of the claimed 
invention, the following definitions are provided for several 
terms used in the claims appended hereto. 
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The term "sequence motif," in accordance with description 
provided herein, means a series of restrictions on the 
residues which may. occupy <:ertain. relative positions of an . 
amino acid sequence. A sequence motif must restrict at least 
three and preferably four or five positions of an amino acid 
sequence. The relative positions of the first (N-terminal) 
and last (C-terminal) restricted amino acid positions shall be 
separated by at least two but no more than twelve amino acid 
residues. For example, PI and P4 may be the first and last 
restricted residues and these residues are separated by- two 
residues. As another example, P-1 and Pll may be, the first 
and last restricted residues and these are separated by ten 
residues. Positions between the first and last restricted 
positions may be restricted or unrestricted with the exception 
that a total of at least three positions of the motif must be 
restricted. Of the three positions which must be restricted, 
at least two must be residues corresponding to major MHC 
binding pockets. If only two of the restricted residues 
correspond to MHC binding residues, the third must correspond 
to a TCR contact residue. Further, at least one df the 
positions restricted must correspond to either the PI or P4 
binding position- By "restricted" is meant that at leas^ one, 
and preferably ten, amino acid residues shall be excluded from 
a position. 

An amino acid sequence "corresponds" to a sequence motif 
if it can be aligned with the positions of the sequence motif 
such that, at each restricted position of the motif, the amino 
acid sequence includes a residue which is not excluded from 
that position by the restrictions which define the motif. As 
the restrictions which define the motif are derived from the 
size and nature of the MHC binding pockets of HLA-DR proteins 
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and, optionally, the TCR contact residues of known epitopes, 
the restricted positions of the binding motif may also be said 
to correspond tQ th^ WHC bindi.ng .pockets . and TQR contact, 
residues . 

The term "isolated," in reference to a protein or 
polypeptide, means separated from its native or natural 
chemical raicroenvironment . Thus, a polypeptide isolated from 
a bacterium shall be in a preparation substantially free of 
most of the other bacterial polypeptides and, similarly, an 
icolated viral polypeptide preparation shall be substantially 
free of the other polypeptides which comprise the virus. 

The term "associated with," as used in connection with a 
particular HLA-DR protein and an autoimmune disease or 
autoimmune response, shall mean that the protein and the 
disease/response have been positively correlated by clinical 
or epidemiological studies such that the likelihood of 
developing the disease/response has been shown to be increased 
by presence of the protein. 

The term "HLA-DR protein" means the particular protein 
product of a particular allele of the MHC class II HLA-DR 
gene. A disease associated with an HLA-DR protein is one 
associated with such a particular protein and not merely with 
the HLA-DR gene locus. 

By the term "human pathogen" is meant a bacterium, virus 
or protozoon capable of infecting humans and generating an 
immune response. The term specifically is intended to exclude 
the bacteria which form part of the normal human intestinal 
flora. By this term, "normal human intestinal flora/' is 
meant the bacteria which normally inhabit the h\aman gut, such 
as Escherichia coli , but which do not normally cause disease. 
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By the term "autoreactive," as applied to T cells, is 
meant T cells from a human which are activated by a human self 
epitope. By "activation'* of T cell?, is meant, induction to . . 
proliferate, secrete lymphokines (cytokines) and/or to 
initiate effector activity (e,g. cytotoxicity). 

By the term "autoantigen" is meant a self protein or 
polypeptide which includes a "self epitope." By "self 
epitope" is meant that part of an autoantigen which is 
recognized by T cells when bound to and presented by an MHC 
molecule. 

By the term "effective amount," with respect to tolerizing 
an individual to an antigen, is meant an amount of the antigen 
sufficient to render T cells, otherwise specific for the 
antigen, unresponsive to the antigen when bound to and 
presented by an MHC molecule. T cells which are unresponsive 
fail to activate when presented with the antigen for which 
they are specific- By the term "effective amount," with 
respect to immunizing an individual to an antigen, is meant an 
amount sufficient to induce an immune response which results 
in T cells specific for the antigen. Typical ranges of 
dosages are from l nanogr am/kilogram to 100 
milligrams/kilogram or even 500 milligrams/kilogram. 
Effective amounts will vary according to such factors as age , 
sex and sensitivity to the antigen. 

By the term "core MHC binding residues" is meant the 
residues of an epitope corresponding to the P-1 to P9 
positions of a peptide bound to an HLA-DR molecule. By the 
term "inner core MHC binding residues" is meant those residues 
of an epitope corresponding to the P-1 to P6 positions of a 
peptide bound to an HLA-DR molecule. 
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(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide • 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Ala Thr Gin Lys lie Thr Tyr Arg He Ser Gly Val Gly He Asp 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Phe Gly He Phe Val Val Asp Lys Asn Thr Gly Asp He Asn He 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 



(iii) HYPOTHETICAL: NO 



(v) FRAGMENT TYPE: internal 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Leu Asn Ser Lys lie Ala Phe Lys He Val Ser Gin Glu Pro Ala 



(2) INFOR^lATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: - 

Thr Pro Met Phe Leu Leu Ser Arg Asn Thr Gly Glu Val Arg Thr 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



1 



5 



10 



15 
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(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CVS Glu Cys Asn He Lys Val Lys Asp Val Asn Asp Asn Phe Pro 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ser Ala Arg Thr Leu Asn Asn Arg Tyr Thr Gly Pro Tyr Ttir Phe 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLEC:ULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 
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(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO. SAPIENS . . 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

Gin Ser Gly Thr Met Arg Thr Arg His Ser Thr Gly Gly Thr 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HERPES SIMPLEX 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Phe Arg Gin Leu Val His Phe Val Arg Asp Phe Ala Gin Leu 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 
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(vi) ORIGINAL SOURCE: 

(A) ORGANISM: ADENOVIRUS TYPE 12 - - 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

Asp Phe Glu Val Val Thr Phe Leu Lys Asp Val Leu Pro Glu Phe 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGAJIISM: PSEUDOMONAS AERUGINOSA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Asp Arq Leu Leu Met Leu Phe Ala Lys Asp Val Val.Ser Arg Asn 
1 5 '10 ' 15 

(2) INF0R>1ATI0N FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NQ 

(V) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HUMAN PAPILLOMAVIRUS TYPE 7 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

lie Gly Gly Arg Val His Phe Phe Lys Asp lie Ser Pro lie Ala 

. . 1 .. . . ... .5. . . ... .10 . ........ ...15 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO " 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: EPSTEIN-BARR VIRUS 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Thr Gly Gly Val Tyr His Phe Val Lys Lys His Val His Glu Ser 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: INFLUENZA VIRUS TYPE A 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Tyr Arg Asn Leu Val Trp Phe He Lys Lys Asn Thr Arg Tyr Pro 

. . . .1. . ... .5 . .... .... 10 15 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO " 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: REOVIRUS TYPE 3 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Met Ala Arg Ala Ala Phe Leu Phe Lys Thr Val Gly Phe Giy Giy 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HERPES SIMPLEX VIRUS 



H0498/7015 
5981a 

-61-- 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Gly Gly Arq Arg Leu Phe Phe Val Lys Ala His Val Arg Glu Ser 

..1.. .. . ...... .5 . . ... • ... 10- ......... 15 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Glu Asn Pro Val Val His Phe Phe Lys Asn He Val Thr Pro Arg 
1 5 10 15 
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CLAIMS 

We claim: 

1- An isolated polypepti^P consisting essentially of an 
amino acid sejuence selected from the group consisting of SEQ 
ID 110.: 1, SEQ ID NO.: 2, SEQ ID NO,: 3, SEQ ID NO.: i,.SEQ ID 
NO.: 5, SEQ ID NO,: 6, and SEQ ID NO.: 7. 

2. An isolated polypeptide consisting essentially of an 
amino acid sequence selected from the group consisting of SEQ 
ID NO-: 8, SEQ ID NO.: 9, SEQ ID NO.: 10, SEQ ID NO.: 11, SEQ 
ID NO.: 12, SEQ ID NO.: 13, SEQ ID NO.: 14, and SEQ ID NO.: 15. 

3. A pharmaceutical preparation for tolerization comprising 
a pharmaceutical ly acceptable carrier and 

an amount of an isolated human polypeptide effective for 
tolerizing an individual to an autoantigen, said human 
polypeptide including an amino acid sequence corresponding to 
a sequence motif for an HLA-DR protein; 

wherein said HLA-DR protein is associated with a human 
autoimmune disease; 

wherein said polypeptide binds to said HLA-DR protein; 

wherein said polypeptide bound to said HLA-DR protein 
activates autoreactive T cells from a subject having said 
autoimmune disease; and 

wherein said polypeptide is a non-collagen and 
non-myelin basic protein polypeptide. 
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4. The pharmaceutical preparation of claim 3 wherein said 
HLA-DR protein is an HLA-DR4 protein and said autoimmune 
disease is pemphigus vulgaris- 

5. The pharmaceutical preparation of claim 4 wherein said 
motif is PV motif ttl. 

6. The pharmaceutical preparation of claim 4 wherein said 
amino acid sequence consists essentially of an amino acid 
sequence selected from the group consisting of SEQ ID NO.: 1, 
SEQ ID NO.: 2. SEQ ID NO.: 3, SEQ ID NO.: 4, SEQ ID NO.: 5, 
SEQ Id NO.: 6, and SEQ ID NO.: 7. 

7. A pharmaceutical preparation for tolerization comprising 
a pharmaceutical ly acceptable carrier and 

an amount of an isolated human pathogen polypeptide 
effective for tolerizing an individual to said polypeptide, 
said polypeptide including an amino acid sequence 
corresponding to a sequence motif for an HLA-DR protein; 

wherein said HLA-DR protein is associated with a human 
autoimmune disease; 

wherein said polypeptide binds to said HLA-DR protein; 

and 

wherein said polypeptide bound to said HLA-DR protein 
activates autoreactive T cells from a subject having said 
autoimmune disease. 

8. The pharmaceutical preparation of claim 7 wherein said 
HLA-DR protein is an HLA-DR2 protein and said autoimmune 
disease is multiple sclerosis. 
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9. The pharmaceutical preparation of claim 8 wherein sai^ 
motif is selected from the group consisting of MS motif »1, MS 
motif «2- and MS motif «3.- 

10. The pharmaceutical preparation of claim 8 wherein said 
amino acid sequence consists essentially of an amino acid 
sequence selected from the group consisting of SEQ ID NO. : 8, 
SEQ ID NO.: 9, SEQ ID NO-: 10, SEQ ID NO-: 11, SEQ ID NO.: 12, 
SEQ ID NO.: 13, SEQ ID NO.: 14, and SEQ ID NO.: 15. 

11. A method of tolerizing an individual to an ai^toantigen 
of pemphigus vulgaris comprising 

administering an effective amount of the pharamaceutical 
preparation of any one of claims 4-6 to a subject in need of 
such treatment. 

12. A method of tolerizing an individual to a foreign 
antigen implicated in multiple sclerosis comprising 

administering an effective amount of the pharmaceutical 
preparation of any one of claims 8-10 to an individual in need 
of such treatment. 

13. A pharmaceutical preparation for vaccinating an 
individual at risk of an autoimmune disease comprising a 
pharmaceutical ly acceptable carrier and 

an amount of an immunogenic preparation effective to 
immunize against a human pathogen that in its native form 
includes a polypeptide having an amino acid sequence 
corresponding to a sequence motif for an HLA-DR protein; 

wherein said HLA-DR protein is associated with said 
autoimmune disease; 
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wherein said polypeptide binds to said HLA-DR protein; 

wherein said polypeptide bound to said HLA-DR protein 
activates autoreactive T cells from a subject having said 
autoimmune disease; and 

wherein said preparation is free of a polypeptide 
corresponding to said sequence. 

14. The pharmaceutical preparation of claim 13 wherein said 
HLA-DR protein is an HLA-DR4 protein and said autoimmune 
disease is pemphigus vulgaris, 

15. The pharmaceutical preparation of claim 14 wherein said 
motif is PV motif «1. 

16. The pharmaceutical preparation of claim 14 wherein said 
amino acid sequence consists essentially of an amino acid 
sequence selected from the group consisting of SEQ ID NO- : 1, 
SEQ ID NO.: 2, SEQ ID NO.: 3, SEQ ID NO.: 4, SEQ ID NO.: 5, 
SEQ ID NO.: 6, and SEQ ID NO.: 7. 

17. The pharmaceutical preparation of claim 13 wherein said 
HLA-DR protein is an HLA-DR2 protein and said autoimmune^ 
disease is multiple sclerosis. 

18. The pharmaceutical preparation of claim 17 wherein said 
motif is selected from the group consisting of MS motif ftl, MS 
motif It2 and MS motif «3 . 

19. The pharmaceutical preparation of claim 17 wherein said 
amino acid sequence consists essentially of an amino acid 
sequence selected from the group consisting of SEQ ID NO.: 8, 
SEQ ID NO.: 9, SEQ ID NO.: 10, SEQ ID NO.: 11, SEQ ID NO.: 12, 
SEQ ID NO.: 13, SEQ ID NO.: 14, and SEQ ID NO.: 15. 
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20. A method of vaccinating an 



individual at risk of 



pemphigus vulgaris comprising 

administering an effective amount of the pharmaceutical 



21, A method of vaccinating an individual at risk of multiple 
sclerosis comprising 

administering an effective amount of the pharmaceutical 
preparation of any one of claims .17-19 • 

22, The pharmaceutical preparation of claim 17 wherein said 
pathogen and said peptide are selected from the group 
consisting of the respective pairs" Herpes simplex virus and 
UL15 protein. Herpes simplex virus and SEQ ID NO.: 8, 
Adenovirus and Adenovirus ORF protein. Adenovirus and SEQ ID 
NO.: 09, Pseudomonas aeruginosa and phosphomannomutase protein, 
Pseudomonas aeruginosa and SEQ ID NO. : 10, Papillomavirus and 
L2 protein. Papillomavirus and SEQ ID NO.: 3.1, Epstein-Barr 
virus and DNA polymerase protein, Epstein-Barr virus and SEQ ID 
NO.: 12, Influenza virus and hemagglutinin proteirv> Influenza 
virus and SEQ ID NO.: 13, Reovirus and sigma 2 protein, 
Reovirus sand SEQ ID NO.: 14, Herpes simplex virus and DNA 
polymerase, and Herpes simplex and SEQ ID NO.: 15. 

23, A method of evaluating a peptide for an ability to induce 
an autoimmune response comprising the steps of 

(1) choosing an MHC HLA-DR molecule associated with said 
autoimmune response, said MHC molecule having major MHC binding 
pockets designated PI, P4, P6, P7 and P9, each said pocket 
binding an amino acid residue at a corresponding relative 
position, Px, of an epitope; 



.preparation of any one of claims 



14-16. 
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(2) selecting a first major MHC binding pocket Pi and a 
second major MHC binding pocket Pj; 

(3) identifying a first set of amino acid residues which . 
bind within said- first pocket, identifying a second set of 
amino acid residues which bind within said second pocket; and 

(4) comparing an amino acid sequence of said peptide to a 
sequence motif wherein said motif includes said first set of 
amino acid residues at a relative position Pi and said second 
set of amino acid residues at a 'relative position P j . 

24. The method of claim 23 

wherein said epitope is an epitope of known amino acid 
sequence and wherein said epitope has TCR contact residues 
designated P-1, P2, P3, P5, P8 and Pll; 

wherein step (2) further comprises selecting a first TCR 
contact point at a relative position Pk of said epitope and 
wherein step (3) further comprises identifying a third set of 
amino acid residues which bind a TCR at said contact point, and 

wherein said motif includes said third set of amino acid 
residues at a relative position Pk, 

25. The method of any one of claims 23 and 24 wherein^said 
first binding pocket is a PI pocket and said second binding 
pocket is selected from the group consisting of a P4 pocket and 
a P6 pocket - 
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26, A method of identifying foreign antigens implicated in 
human autoimmune response comprising the steps of " 

(1) choosing an MHC HLA-DR molecule associated with said 
autoimmune respqfnse, said MHC molecule having major MHC binding 
pockets designated Pi, P4, P6, P7 and P9, each said pocket 
binding an amino acid residue at a relative position Px of an 
epitope; 

(2) selecting a first major MHC binding pocket Pi and a 
second major MHC binding pocket P j ; 

(3) identifying a first set of amino acid residues which 
bind within said first pocket, identifying a second set of 
amino acid residues which bind within said second p0cket; 

(4) defining a sequence mofif wherein said motif includes 
said first set of amino acid residues at a relative position Pi 
and said second set of amino acid residues at a relative 
position P j ; 

(5) identifying a set of human pathogen peptide sequences 
corresponding to said motif. 

27, The method of claim 26 further comprising the step of 
excluding from said set sequences from at least one species in 
a normal human intestinal flora, 

28, The method of claim 26 further comprising the step of 
excluding from said set secjuences from at least one species of 
pathogen negatively correlated with the incidence of said 
response. 

29, The method of claim 26 wherein step (5) includes a search 
of a computer database using said motif as a search criterion. 
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ABSTRACT 

The present invention provides isolated peptides relating 
to the autoimmxine diseases pemphigus vulgaris and multiple 
sclerosis. The peptides relating to pemphigus vulgaris- are 
self epitopes and those relating to multiple scleposis are 
foreign antigens derived from human pathogens which are 
implicated in the aetiology and remissions of the disease. 
Pharamaceutical preparations for tolerizing and/or immunizing 
individuals are provided as well as methods relating thereto. 
Methods are provided for identifying other self and non-self 
epitopes involved in human autoimmune disease and similar 
pharamaceutical preparations and methods of use for these 
epitopes are also provided. 
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ABSTRACT 



'llie present invention provides isolated pqitides relating to 
the autoimmune diseases pemphigus vulgaris and multiple 
sdeioss. The peptides relating to peinph^;os vulgaris arc 
self epitopes and those lebtiog lo mult^te sckrosis are 
foreign antigens derived from human pathf^ens which are 
implicated in the aetiology and remissions of the disease. 
Pharamaccutical preparations for tolerizing and/or imnau- 
nizing individuals arc provided as weU as methods relating 
thereto. Methods arc provided for identifyiiig other self and 
non-self epitopes involved in human autoimmune disease 
and similar pharamaccutical preparations and methods of 
use for these epitopes are also provided. 
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IDENTIFICATION OF SELF AND NON-SELF odc lhai carrfcs a ^^^^^ ?J ^^P ^1; f PosUivc 

ANTIGENS IMFUCATED AUTOIMMUNE ^ ^^"^^ »^ 71 in the RA associated DR4 

DISEASE molecules, 

With re^>ect to multiple sclerosis, recent immunological 
TTiis invention was supported in part by grant CA47554 5 smdies suggest that myelin basic prot^ 
1 iDvcDiiuu w» ouHj^i K Tii K»c of the important torget antigens in the immunopatbogenesis 

from Ihc National Institutes of Health. TlK govermem has ^jj^. Several studies have demonsUatVd l^^^^ 

certam right in the invention. specific T cells are donally expanded in MS patients and in 

* • CTPi rS nv THF TNVFNTION * * an in Vivo activated" state (Altegrefta et il.. 1990; • 

Mtixt ur miiiriviir.iiv7i^ Wuchcrpfcnnig et aL, 1994b; Zharig et aU 1994). Reactivity 

The present invention relates to the field of immunology with the immunodominant MBP(84-102) peptide is found 
and, in particular, to the identification of self and nod-self predominantly in subjects carrying HLA-DR2 (the most 
antigeiK implicated in human autoimmune refuses. The common subtype of which is DRBl* 1501), a genetic marker 
invention relates to methods of idcntifyiDg such self and for susceptibility to MS. The MBP(84-102) epitope can also 
non*self antigens and provides examples of such antigens be presented by other MHC class II antigens, including 
relating to multiple sclerosis and pemphigus vulgaris. The HLA-DQl (Ota et aL, 1990; Martin et al^ 1990; Pette et aL, 
invention also relates to the use of such antigens for in vitro 1990; Wucheipfenmg et al., 1994a). In vivo, the T cell 
assays, animal models, therapeutic agents and vaccines. response to th^ peptide appears to be dominated by a few 

expanded dones. 

BACKGROUND OF THE INVENTION ^ associations between MHC alleles and disease 

Human autoimmuiK diseases have a striking genetic states have implicated autoimmunity in the aetiology of 
association with particular alleles of major histocompatabil- these diseases, a laig/e body of clinical and epidemiological 
ity complex ("MHC*) class I or class h genes. The field was evidence suggests that inficctions may be importam in the 
established by the seminal discovery of H1A-B27 linked induction of autoimmunity. For example, particular viral 
susceptibility to ankylosing spondylitis, a chronic inflam- 25 infections frequently precede autoimmune myocarditis and 
matory joint disease (Brewerton (et al., 1973; Schlosstein el type I diabetes (IDDM) (Rose et al., 1986; Ray el al., 1980). 
aL, 1973). MHC associated susceptibility has now been Environmental agents also influence the ri^ of developiiig 
documented for a variety of human auloinunune diseases, multiple sclerosis as demonstrated by migration studies, 
inchiding insulin dependent diabetes menitus(IDDM)»rhea- Individuals that migrate after age 15 carry the risk for 
roatoid arthritis (RA), pemphigus vulgaris (PV), multiple 30 developing MS associated with their geographic origin 
sclerosis (MS) and myasthenia gravis (MG), just to name a while individuals who migrate earlier in life acquire the risk 
few (Todd et al., 1987; Ahmed et aL, 1990; Ahmed et aL of the geograi^ical region to which ihey migrated (Kurtrice, 
1991; Lanchbury & Panayi, 1991; Spiclman & Natbenson, 1985). These snidies are consistent with the hypothesis that 
1982; Piotti ct tl., 1993). a group of pathogens that are relatively ubiquitous in a 

The MHC k)cus most commonly associated with autoim- 35 certain geographic region influence the risk of developing 
mune disease is the HIA-DRB tocus (also known as DRBl), multiple sclerosis (MS). The mechaniMn(s) lea^ to dooal 
a highly polymorphic locus with owr fifty known aUeles. expansion of MBP reactive T cells remain to be idemifi«l 
FcTTxainpk, a large body of epidemiological work has but could involve recognition of viral peptides with suffi- 
documentttlibe association of riieumatoid arthritis with the cicni stnictural simQarity to the immunodominant MBP 
DR4 (DRB1*0401, DRB1*0404) and DRl (DRB1*0101) 40 peptide. The initiation of autounmumty by aich » 
alleles, with the DR4 alleles conferring a higher risk than nism could then lead to sensidzation to other CNS self 
DRl (Undibury & Panayi, 1991). The risk is dramalicaUy antigens by determinant ^readiiig (Uhmann et aU 1992; 
inoe^ when the subject is homozygous or heterozygous Kaufman el al. 1993;Tisch ct al., 1993). Cbnsonanl with this 
for DRB1*0401 andA)r DRB1*0404. The observation that hypothesis, it has been noted that mflammaiory CNS disease 
arthritis is associated with three DR alleles that are struc- 45 can ^oWaw infection with a number of common viral 
turaUv similar M to the development of the 'shared epitope' pathogens, such as measles and rubeUa. On the other hand, 
hypoibesis is DRB1*0401, 0404 and 0101 share critical the absence of vims in the CNS of these pauenis and 
poWmorphic residues in the DRp 67-71 chister (Gregprsen reacliviiy to myelin bask: protein in these pa^««s sagg^i an 
el aL 1987; Lanchbury & Panayi, 1991). These residues (in autoimmune mechanism (Johnson et aL, 1984). 
particular DRp 71) appear to be critical in defining the 50 Efforts to kJentify sequence bomotogies between self 
selectivity of peptide binding to the disease associated peptide epitopes thai might be involved in autoimmunity and 
molecules. various bacterial and viral pathogens have therefore been 

Ptmphigusvulgarisisanautoimmunediseaseoflbeskin made. Tliese homotogy searches have focuswl on al^ 
in whidi high titer autoantibody production to an q)idermal ments with sequence identity. No success has b^n reported 
cell adhesi«D molecule (desmoglein 3) results in a loss of 55 using such aligmnents m identifying epitopes from patho- 
kerUnocyte adhesion (a^tholysis) and severe blister for- gens that could cross react with pr«umably pathogemc T 
mation (Amagai ct aL, 1991). In differem ethnic groups the cell lines from human patients with autoimmune d«ase 
SLse is assLiaied either with a DR4 allele (DRBl-0402) (Oldstone. 1990). A sequence identity was recenUy found 
or with a rare DQl allele (DQB1*05032); only a small between an epitope m a Coxsackie virus piotcin and 
fraction of PV patients have neither susceptibility gene 60 GAD65. suspected of being an autoanligen 
(Ahmed et al., 1991; Ahmed et aL, 1990; Scharf et al.. 1988). Ihtsc peptides could reaprocaUy geiierate polyctonalT ceU 
TTie DR4 subtype associated with pemphigus differs only al lines from mke lhat cross rea^wilh ibe other J^Pj^^ 
llm« positioi^n the DRp 67-71 cluster from the DR4 (rian,eiaL, 1994). No evidence bowewr, was provided 
subtypTassociated with RA. The PV associated molecule these peptides could stimulate clones fitom diabetic mice (or 
has a negative charge (Glu) a the critical position (DRp 71); 65 humans). . . ^ . . , u 

the neighboring position (DRp 70) is also negatively Recent developments m the field, in particular the iden- 
charged The DR4 subtype associated with PV is the only tification of allele s^ific peptide binding moUfs have 
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ttansformed ihe field (Madden el »U 1991; Ritschkc & Falk. In particular embodime^ ««±pbar^^ pi^ara- 

199n Based on Ibis knowledge ihe sinicmral basis for lions are provided u whicb Ihc HLA-DR pnjtcin is HLA- 

MHC linked susceplibflily lo autoimmune diseases can be DR4 protein and the autoimmune disease is pemphigus 

reassessed al a level of delafl sufficient for soWing long- vulgaris. In addition, a paruailarsequeiice mouf is ptovidW 

standing questions in the field. Mollis for peptide binding lo s for peniphigus vulgaris and phma«uticabhayu^ 

several MHC class I and class II molecules have been with this motif are piovided. Specific embodimenls of the 

defined by sequence analysis of naturally proces-scd peptides pharmaceuhcab inchide ea^ of the polypep«Klw d«ci*ed 

and by mutational analysis of known epitopes. MHC class I . above with lespeet to pemphigus vulgaris. Thus, methods of 

bound j)eplides wtie found lo be short (generaUy 8^10 tolerizing an individual lo a pemphigus vulgaris auioanligen . • 

amino acids tong) and to possess two dominant MHC anchor are also provided. 

residues; MHC class II bound peptides were found to be In another set of embodiments, the invention provides for 

longer and more heterogeneous in size (Madden et al.. 1991; pharmaceutical preparations for use in tolerizing individuals 

Rotschke & Falk. 1991; Jaidetzky el al. 1991. Chicz el al. to antigens of human pathogens which are implicated in 

1993) . Due lo the size heterogeneity, however, it has proven human autoimmune disease. The preparations include a 
more difficult to define MHC class II binding moii& based pharmaceutically acoepuble carrier and an isolated human 
on sequence alignments. More recently, a crystal structure pathogen polypeptide which includes an amino acid 
for HLA-DRl demonstrated that there is a dominant hydro- sequence corre^nding to a sequence motif for an HLA-DR 
phobic andior residue dose to the N-terminus of the peptide protein which is associated with a human autoimmune 
and that secondary anchor residues are found at .several other disease. These polypeptides are capable of binding lo Ihe 
peptide positions (Brown el al, 1993). Even this work, hLA-DR protein to fonn a complex which activates aulore- 
however. could not provide a detailed descriplk>n of Ihe ^ ^glivc T cells in sutgecls having Ihe autciminune disease, 
binding pockets of HLA-DR proteins, the parlicular resdues particular cmbocKments. such pharmaceutical prepara- 
involved in the fonnauon of tb«e.pockcls of the structural 1^ ^ ^.^ ^ mJ^-DR protein is HLA- 
requiremenls or antigens for MHC binding ^ ^ ^ autoimmune disease is multiple scle- 

In the present Asdosure, a detaUed d^-^P^o" °\ *e P ^^^^ ^ 

Hlj\-DR«.iigcnWndmg pockets « provided (Stern 25 J^!^ f„ ^^^^ ,^ p^ceudcab having 

1994) . With this information, together wUh functional mfo - ^ ^, ^ ^ p^^;^ 

mation defining «»«««/™'«,^«* S^ific embodiments of Ihe phannaceuticaU inctade each 

antigen that arc needed for MHC binding and TCR contact polypeptides described above with lesped to multiple 

(e.g. Wuche,pfenn« et .L 1994..) bu.d«g molrfs forjhe ^ ^f tolerizing aTirSwidual t^ a 
variousH^-DRdk,typesmaybedeveM«^«U:^^^^ 30 ^^,,5^^ ^^^j, fo^ig„ ,„,ig« tlso provided, 

involved in auloimmune disease may be idcntitiea a do a ~\ . . . . . 

rSTil pi^v"for1^ntifyin8 bacterial and viral I" another aspect of the mvenUon. phamaaoeuucals are 

^pltoSs which mlrinwlte a human autoimmune response. Provided for vaccmalion agamst a human pathogen miph- 

cpiiopcs wmtu uiay umw«i a u i*i r ^^^^ ^ aeliology of autoimmune disease. These pbar- 

SUMMARY OF THE INVENTION maccutical preparations include a phannaocuiically accepl- 

Hic present invention provides, in one aspect^ seven able carrier and an immunogenic preparation effective lo 

different isoUled polypeptides derived from the human immunize against a human pathogen. The human palhogoi 

dcsmoglcin 3 protein and implicated as self epitopes in the is one which in its native form includes a polypeptide havii^ 

autoimmune disease pemphigus vulgaris (PV). These pep- ao amino acid sequence corresponding to a sequence motif 
tides consist essentially of the seven amino acid sequences 40 for an HLA-DR protein which is associated with the aulomi- 

discloscd herein and designated SEQ ID NO.: 1 throfugh and mune disease. These polypeptides arc capable of bindmg lo 

SEQ ID NO.: 7. In particular, the invention provides isolated the HLA-DR protein to form a complex which activates T 

peptides which consist of these sequences, the core MHC cells which become auloreacUve and intiate the auloimmune 

binding residues of these sequences, or the inner core MHC disease. The preparations of the present invention specifi- 

binding residues of these sequences. 45 caUy do not inchidc such polypeptides but, rather, mclude 

The present invention provides, in another aspect, eight oiher antigens &om the pathogen, 

different isolated polypeptides derived from human paibo- In particular embodimenls, such pharmaoeuti<»l prcpara- 

cens but implicated in the aeliology of the auloimmune lions are provided in which the HLA-DR protein b HLA- 

disease multiple sderosis. These peptides consist essentially DR4 protein and the autoimmune disease is pemphigus 

of the eight amino add sequences disclosed .herein and 50 vulgaris. In addition, a particular scquwice motif is provided 

designated SEQ ID NO.: 8 through SEQ ID NO.: 15. In for pemphigus vulgaris and pharmaceuticals which lack 

particular, the invention provides isolated peptides which peptides having this motif are provided. Specific embwli- 

consisl of these sequences, the core MHC binding residues mcnls of the pharmaceuticals inchide preparations lacking 

of these sequences, or the inner core MHC binding residues each of the polypeptides described above with respect to 

of these sequences. 55 pemphigus vulgaris. Thus, methods of immunizing an indi- 

In another set of embodiments, the invention provides for vidual against pathogens which may cause pemphigus vul- 

pharmaceutical preparations for use in tolerizing individuals garis are also provided. 

to autoanligens. The preparations include a pharmaccuti- Similarly, pharmaceutical preparations arc provided m 

caUy acceptable carriw and an isolated human polypeptide which ihc HLA-DR protein is HLA-DR2 protem ai^ the 

which includes an amino add sequence corre^ndiiig to a 60 autoimmune disease is multiple sclerosis. Three particular 

sequence motif for an HLA-DR protein which is associated sequence motifs are provided for multiple sderosis and 

with a human autoimmune disease. These polypeptides are pharmaceuticals which lade peptides having any of the.se 

capable of binding to the HIj\-DR protein lo form a motife are provided Specific embodiments of the phanna- 

complex which acUvalcs autoreactive T cells in subjects ceuticals include preparations lacking each of the polypep- 

having the autoimmune disease. The peptides are not 65 tides described above with respect to multiple sclerosis, 

derived from human coUagen or human mydin basic pro- Thus, methods of immunizing an individual against pattio. 

^^•^ gens which may cause mult^le sclerosis are also provided. 
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The ohannawuUcd preparaUons for iniinuniziiig against CPK models and HLA-DR side chate m conUcI wilh the 

l^^clivcly. Herpes simplex virus and UU5 prolcin. Her- may be found in Stem cl al. 1994. 

pes simplex virus and SEQ ID NO.: 8, Adenovinis and . DETAIIXD DESCRIPTION OF THE. 

Adenovirus ORFprbtcin; Adenovirus and SEQ ID NO.: 09, ' " INVENTION 

Pseudomonas aeruginosa and phosphomannomulasc lo ^ prescnl invention relates to a method of identifying 

protein, Pseudomonas aeruginosa and SEQ ^^J^iJ;-^*?; and evaluating peptides for their abQity to induce an autoim- 

Papillomavinis and U protein, Papfllomavirus and SEQ lU ^^^^ response or to cause autoimmune disease. In 

NO.: 11, ^lein-Barr virus and DNA polymerase prolem, particular, the invention relates to methods of (1) evaluating 

Epstein-Barr virus and SEQ ID NO.: 12, Influenza vnv& and peptides for their potential involvement in autoimmimc 
hemagglutinin protein. Influenza vinis and SEQIDNO^ 15 jjg^jgp^jjenUjeself epitope or autoantigen is unknown and 

Reovinis and sigma 2 protein. Rcovirus sand SEQ ID NO.: evaluating foreign peptides for their possible involve- 

14, Herpes simplex virus and DNA polymerase, and Herpes ^ aetiology of autoimmune disease. The invention 

simplex and SEQ ID NO.: 15. relates to q>ecific peptides identified by Ibe methods of 

The present invention also provides general methods for ^ invention and representing self and foreign antigens 
evaluating a peptide for an ability to induce an autoimmune 20 j^jpij^^ted in, respectively, pemphigus vulgaris and multiple 

re^nse. These methods involve choosing an MHC HLA- sderosis.* 

PR molecute associated With the autohnmune response, ^ methods rely upon the devek>i»nem of aadno acid 

selecting at least two major MHC binding pockets of sequence molifis to which potential self or foreign epitopes 

HLA-DR molecule, identifying sets of amino aad residues n,aybccomparcd.Eachmotif describes a finite set of amino 

whichbind within each of the selected pockets, developing 25 sequences in which the residues at each (relative) 

a sequence motif for the HLA-DR molecule in which the ^^^^^ n,ay be (a) restricted to a single residue, (b) allowed 

sets of amino acids define the aUowcd amino acids at the ^ amongst a restricted set of residues, or (c) allowed 

corresponding positwns of the motif, and then comparing ^ amongst all possible residues. For consistency in this 

the amino add sequence of the peptide to the sequence disclosure, but without Umiting the invention in any way, 

motiL Peptides which match the motif have a much greater 3o sequence motife will be symbolized as strings of 

likelihood of inducing the autoimmune disease. In addiUon, characters in which (a) ft position which is restricted to a 

if there is a known epitope implicated in the disease, the ^.^^^ residue will be n^resenled by the one-letler abbre- 

method may further indudc selecting at least oiie TCR yjation for that residue, (b) a position which is allowed to 

contact residue ofthe epitope, identifying a set of ammo acid amongst a set of residues vwll be represented by a 
residues whidi may serve as the TCR contact, and mcludmg 3* ^^^^^ ^ one-letter abbreviations for those residues, 

this set in the motif at the appropriate position. In preferred ^ position which is allowed to vary amongst all 

embodiments, the rootife include restrictions on the residues reskJues wifl be represented by an "X." As an 

at positions corresponding to at least the PI MHC bmding jj^^ample only, a motif might specify that the residue at a first 

pocket and at least one of the P4 and P6 pockets. position may be any one of il?e residues valine, leucine. 

In ancHbcr embodiment of the invention, methods arc jsolcucine. methionine, or phenylalanine; that the residue at 

provided sponfically for Wcntifying foreign antigens impli- second position must be histidine; that the residue at the 

cated in human autoimmune response. These methods position may be any amino acid residue; that the 

inchide the same steps as the previously described methods, residue at the fourth position may be any one of the revues 

but further indude a comparison of the resulting sequence valine, leucine, isoleudne, methionine, phenylalanine, 

motif to sets of human pathogens. In preferred tyrosine or tryptophan; and that the residue at the fifth 

embodiments, peptide sequences from one more spcdcs position must be lysine. Such a motif woukl be represented 

in the normal human intestinal flora are excluded from by the following character string: 
consideration. In another preferred embodiment, sequences 

ftom one or more spedes of pathogen whidi is negatively v H X v k 

correUtcd with the inddence of the disease are cxduded. In 50 l l 

a most prefwred embodiment, the human pathogen peptides 

arc searched and cvahiated on a computer dataljase using the f F 

motif as a search criterion. Y 

BRIEF DESCRIFHON OF I'HE DRAWINGS 55 ^ 

FIG. 1 illustrates the P<>^^^ j]"^^ ,„ one aspect of the present im^ention, sequence motife are 

binding site. jmc upper nght shows * jPf^f^^^ ^ developed bTanalysis of the binding domains or binding 

mokcular surface (13 Angstrom prt)be ^^^^^^''J^};^: major h^mpatibiUty complex HUV-DR pro- 

DRlpcptule-bindingaiewiihtbcCatraceofthcHlj\-DRl i^^^?/ "f^^ pointe of 

side chains of an antigen (m tnts case mnucnza yi™» ^fl , , -„-iv«c of the HLA-DR residues involved in 

SSsStencSbyWri^ainc^^^ molife developed by the methods d^dosed be«m a»y be 



r 



5,874^31 

7 « 

used to idcnlify self pcplide epitopes involved io an auioim- about posilions 85, 86, 89 and 90 of the p chain, a stretch of 

munc response when the autoantigcn is known or suspected. residues at about positions 31, 32 and 34 of the a chain, and 

In another aspect of the present invention, methods of side diains from rcaducs at about positions 7 and 43 of the 

identifying foreign peptide epitopes implicated in autoiro- a chain. For example, in HLA-DRl (DRA, DRB1*0101), 

munc disease are provided. These methods involve the use 5 the fiist podcct is formed by readues fiBS (Val), P86 (Gly), 

of MHC and/or TCR binding motife to idenUfy peptides p89 (Pbc). P90 (Thr), a31 (De), a32 (Phe), a34 (Pbc), a7 

derived from certain classes of organbms or pathogens (He), and a43 (Trp). The ooncsponding residues for other 

which may. initiate. human autoimmune, respoi^. .In this HLA-DR,aUcles ^re known iq the-art (sec, c.p.. Marsh, and, 

aspcci, the motife may be developed according to the Bodmer, 1992, iocoipbrated by reference herein) and are 

methods of the present invention or by other means known jq available through genetic databases, 

in the art Although most of the residues that shape the PI pocket are 

Using these sequence motife as search, evaluation, or from the highly conserved DRa chain, the size and nature of 

design criteria, one is enabled to identify classes of peptides pocket varies due to polymorphisms in the p chain 

which have a reasonable likelihood of binding to a particular residues involved in the pocket For the DRB1*0101 

MHC molecule and of interacting with a T ceU receptor to pjoicin, the pocket is laigp and hydrophobic and can accom- 

induce T ceU andA)r autoimmune refuse. Use of these ^^^^^ aliphatk: or aromatic residues. Pblymor. 

motife, as opposed to pure sequence homolo©r (which ^ howcvct. may aUer the binding 

exchides many^peptidcs which are anUgem«Uy amflar but P J example, the 686 residue is 



exchides many peptides which are ^"^S^""*?"^^^^ capacity of the PI pocket For example, the fSS6 residue is 

quite disunct m ^"^^Lr. r^^^'^K-^^ Tn^^^ kr^wn to be polyS^ic. Most ^mmonl^ this site is 

unliinited«co.^mtn^"sul^^^^^ ciLrOtyor VaL Generally, when Gly is 

peptides which Affer at critical highly «^^«ved sUes), ^ ^t & (as in DRB1*0101 ). any of the aliphatic or 

r^resenu Y^e^f*^^ advan« ^^^^ Lmatk: r^idiL may bind wilhin'th.. Jocke^ 

ordmary skill m Ibe art to evahiaie particular PJ>^<^ ^ ^y^^ ^ and lyr and Tip 

potentUl mvolvement m auiounmunc disease and to seareh P • ^^.^j^^ b86 is Gly. position 



potentUl involvement m auiounmunc disease "|? tojearen r - .ccommodated. TTiusJ when P86 is Gly, position 
compterdatab^^ PI of the molecular mimicry motif may insist of Indues 

foreign P7»«^.,r^^^^^^ i?M""HC^d/o^ tS^Su^ I. A. m/f, Y. W aid when P86 is Val, 

response. In add> uoMhe use of MHC and/or TCR bmding of the motif may consist of residues chosen from 

motife losearch limited dalaba^ for foreign peptides which P^ ^ considerations apply to the other P 

may be implicated in the aetiology of autoimmune disease is "InJi ^f the Pi pocket 

a novel application of the concept of binding motifs. ^ ^^^^ of fflA-DR molecules is also a relatively 

Detailed examples of the practice of the present mvcniion " hydrophobic pocket oriented across the anti- 

are presented bek)w. Tlic methods of the invenuon have now ^.^ ^ ^ ^^^^^ j^^^ 

been used to identify the previoasly unknown self peptide ^15 ^31^^ chains whidi can maintain hydrophobic inter- 
. epitopes involved in the autoimmune disease pemphigus ^^.^^ . ^ p^^j ^ 

vulgaris. In addition, the methods have b«n used to Identify formed by a stretch of residues at about positfons 70. 71, 74 
a class of foreign peptides which may be involved m the ^^^^^ ^ ^ reskhics at about 

initiation of autoimmune refuse in multq)lc sclerosis (for ^^^^ 13 6 chain and about position 9 of the a 
which the self epitope had previously been identified). example, in H1j\-DR1 (DRA. DRB1*0101). the 

Thus, in another embodiment, the mvenuon provides . ^ fo^^^ residues P70 (Gk), P71 (Arg). P74 

these peptides, in isoUled form, which may be used m ^ (Ala), P78 (Tyr), pl3 (Phe), and a9 (GUi). The corrc^d- 
various diagnostic and therapeutic mcUiods and products residues for other HLA-DR aUelcs are known in the art 

alluded to bctow. (see, e.g.. Marsh and Bodmer, 1992) and are avaUable 

1. llic MHC Class U HLA-DR Molecular Mimicry Motif through genetic databases. 

The HLA-DR binding site is characterized by five major pj p^cj^ p4 pocket is largely hydrophobic 

podtcts which may bind the amino add side chains of ^. its binding capacity is affected by polymorphisms at the 
antigens (Stem el al, 1994, the entire disctosure of whit* is ^ residues involved in the pocket. For example, diflfercni DR 
incorporated herein by reference). See HG. 1. The amino ^^^^ differently charged residues at position P71; In 
add residue of the antigen which binds in the first major dRB1*0404, P71 is occupied by a positively charged Arg 
pocket is designated PI. ITie remaining residues may then be residue whereas in DRBl •0402 p71 is a negatively charged 
numbered by thdr positions relative to PI (witii positive ^ residue. Thus, althou^ this pocket can geocraUy bind 
numbeis increasing toward the carboxy terminus and nega- ' ^ variety of aliphatic or aromatic ade chains (e.g., V, L, 1, A, 
tivc numbers increasing toward the amino terminus): positively charged P4 antigen residues are 

disfavored when p71 is positively diaiged and, similariy. 
p-i P-i PI P2 P3 P4 Pj negatively charged P4 residues are disfavored when P71 is 

Thu.s, the first major pocket of an HLA-DR molecule, by 55 also negative. Simflar considerations apply to the other P 
definition, binds the ^de chain of residue PI on an antigen. residues of the P4 pocket. Note that some residues may be 
The remaining major podcets bind residues P4, P6, P7 and involved in forming each of two adjacent podcets (e.g., pi3 
P9 These residues are defined as the major MHC contact in tiie P4 and P6 pockets) and tiierefore the occupancy of one 
^■^^ of these pockets by a particular amino add may influence the 

Hie ainino add side chains of residues P-1, P2, P3, P5, 60 occupancy of the oti»r. , , . , , 

P8, and Pll are oriented away from the HLA-DR binding The P6 podcel of HI^-DR molecules is a relatively 

site and. therefore, are available as contact residues for a T shallow podcet with a preference for sm^cr (e.g.. A. G) P6 

ceUreceptornx:R).Allof these residuesaredefincdaslX.'R amigen residues. The pocket is formed by the hi^y con- 

contact residues residues and the highly 

A The MHC Contact Residues 65 polymorphic pll and pl5 residues of the rilj\-DR protein. 

m fir^Sr of the HLA-DR molecule is For example, in HlA-DRl (DRA, DRBl^OlOl), the P6 

strongly hydrophobic. It is formed by a stretch of residues at pocket is formed by resadues all (Glu), a62 (Asn). a65 
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CM), a66 (Asp), pll (Uu) and pi3 (Phe). The correspond- amino add sequence of any particular HLA-DR allele, one 
ing residues for other HLA-DR alleles are known in Ibc art is now enabled to develop a sequence motif useful in 
(sec, e.g.. Marsh and Bodmer, 1992) and arc available evaluating or predicting ihe ability ofpcptideslo bind to that 
through genetic databases. MHC protein. When a particular antigen is known to (or is 

Although there are only two p chain residues in the P6 5 suspected of) binding to the MHC protein, the TCR conlwA 
pocket, they vary widely amongst the DR alleles. With a residues of that antigen may also be conadered in the motif, 
large Phe residue at pi3 (as in DRBl'OlOl), the P6 residue The method first requires the selection of two or more of 
is preferably one of the smaU residues (e.g.. A, G). In other the MHC bindirig podcete for which the choice of peptide 
DR alleles, however. pi3'is occupied by smaller or more residues will be restricted at the corresponding positions of 
polar residues such as the pi3 (His) of DRB1*0401. For lO the motif. One may select aU five of the major binding 
such alleles, the P6 motif may inchide somewhat larger and pockets and develop a motif in which the corresponding five 
polar residues (e.g., S, T, V) but should still avoid the largest positions of the motif are restricted or one may select fewer 
and aromatic residues. Finally, in some alleles, p 11 and pi3 and develop a less restricted motif. As vrill be obvious to one 
are both serine residues (e.g., DRB1*1101) and for these of ordinary skill in the art, a more restricted motif will 
cases more hydrophilic or hydrogen bonding residues may 15 identify a lesser number of peptides in a daubasc search and 
be inchided in the motif. a less restricted motif wiU identify a greater number of 

The P7 pocket of HLA-DR molecules is also a relatively peptides. In all insUnces, at least two of the major binding 
shallow podcci. The pocket is formed by five residues of the pockets should be selected. When fewer than aU five MHC 
P chain: P28, P47, p61, P67 and p71. For example, in binding pockets are selected, it is preferred that at least one 
HLA-DRl (DRA, DRB*0101), the P7 pocket is formed by 20 is PI and that a second is chosen from P4, P6 and P9, 
residues B28 (Glu). p47 (lyr), p61 (Trp), p67 (Leu) and p71 Either before or after the pockets to be restricted by the 
(Arg) The corresponding residues for other HLA-DR alkks motif are selected, th» set of amino acid sde diains likdy to 
are known in the art (see, e.g.. Marsh and Bodmer, 1992) and bind within each of those podcets and, therefore, the set of 
are available through genetic databases. This pocket docs amino ackl leadues that will define the corre^nding 
not appear to contribute greaUy to the spedfidty of HLA- 25 positions of tiie motif, must be determined. This may be 
DRl but may be important in other alleles. accomplished by one of ordinary skill in the art by consid- 

Tht P9 podcct <rf HLA-DR molecules is generally a small eri^ the amino add residues which form the pocket These 
hydrophobic pocket and, therefore, small hydrophobic resi- residues, identified in Section A above, will determine the 
dues are preferred at the P9 position of the antigen. This size and nature (Le., hydrophobk:, hydrophilic* positively 
pocket is formed by the conserved a chain residues a69, 30 charged, negatively charged, uncharged) of the pocket and 
a72, a73 and a76 and by the polymorphic p chain residues consequently, the side chains which may bind within the 
P9 and p57. For example, in HLA-DRl (DRA, pocket. Reference may be bad to FIG. 1 during these 
DRBfOlOl) the P9 podcet is formed by a69 (Asn), a72 considerations but will become increasii^y unnecessary as 
(lie), a73 (Met), a76 (Arg), P9 (Trp) and P57 (Asp). The one develops familiarity with the variations of the pockets, 
corresponding residues for other HLA-DR aUclcs are known 35 As a general matter, in light of the identification of the 
in the art (sec, e.g.. Marsh and Bodmer, 1992) and arc residues forming the MHC binding pockets of the HLA-DR 
available through genetic databases. proteins disclosed herein, one of ordinary skiU in lim art can 

The P6, P7 and P9 podcels appear to be less important easily develop a sequence binding motif for any HLA-DR 
than the PI and P4 podccts in binding to DR molecules but protein for which these residues are known for two or more 
they may be more important in binding to other Lsolypcs 40 binding pockets. The major considerations are size, hydro- 
(e.g., the P9 pocket of DQ may be important). phobicity and charge. In light of the present disclosure, each 

B.' Ibc TCR Contact Residues of these considerations may be addressed according to 

When there is no known or suspected antigen involved in well-known priodples. A baseline is disclosed herein for 
an autoimmune response, the positions of the sequence each pocket for Uie DRB1*0101 aUele. Relative to this 
motifcorresponding to theTCR contact residues may be left 45 HLA-DRprotein,oneof ordinary skill is enabled to develop 
unrestricted. That is, absent a known or su^cted antigen, motife for other HLA-DR aUeles. Thus, substitutions which 
the TCR contact positions of the motif are preferably lead to larger/smaller pockets suggest that the corresponding 
aUowed to vary amon^ all of the anuno acids. motif positions should be restricted so as to permit smaUer/ 

When, on the other hand, there Is a known or suspected huger residues. Similarly, more/less hydrophobic pockets 
antigen involved in an autoimmune response, at least some 50 suggest that the corre^onding motif positions shouk) be 
of the motif positions corresponding to the TCR contact restricted to more/less hydrophobic residues. Finally, 
residues may be restricted according to tiic sequence of the positively/negatively charged pockets suggest that 
antigen. Thus, for example, die P2 and/or P3 and/or P5 positivelyMegatively charged residues should be cxchidcd 
positions of the motif may be restricted to only those and ncgativelyyjpositively charged lesnlues may be inchided 
residues found at the corre^nding positions of the antigen. 55 at the corresponding motif positions. As noted above, the 
Alternatively, at least some of ibt TCR contact residues of present disclosure enables one of ordinary skill to develop 
the motif may be restricted not just to the corresponding motife based upon these wcU-eslablished princq)lcs. 
residues of dje antigen but may be allowed to vary amongst For example, and not by means of limitation, consider the 
similarly charged and/w strucmraUy similar residues (e.g., PI podcet of the HLA-DR protein. The residues forming this 
K and R). It should be noted, however, that greater conser- 60 podcet in the DRB1*0101 were described above. For 
vatism with respect to the TCR contact rcsiduesof the motif DRB1*0101, the PI pocket is large and hydrophobic and 
is justified by the presumably greater ^)ecifidty of TCR can accommodate any of the aliphatic or aromatic residues 
binding relative to the known promiscuity of MHC binding. (e.g.. V, L, I. A. M, F. Y, W). For ibc DRBl* 1602 protein the 
C Developing an HLA-DR Sequence Motif same is true. On the other hand, in the DRB1*1501 protein. 

Given the present disclosure of the HLA-DR residues 65 the p86 position is occupied by Val instead of the Gly found 
invoWed in the formation of the PI, P4.P6.P7 and P9 MHC in DRBl'OlOl and DRBl* 1602. This substitution 
binding podceLs and given the nucleotide or corresponding dccrea.ses the .size of the PI pocket in this MHC protein and. 
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as a resuil,lhe pocket canool easily accommodale iyr or Trp The method may be applied to any of the auloimmuTC 

side chains. Thus, for DRBl* 1501 , ihc sequence motif at diseases for which ao association with a parttcultf HLA-DR 

position PI may be restricted to residues chosen from V, L, allele is known and for which the amino acid residues 

1. A, M and F. forming the MHC binding pockets (or at least two of the 

* Similarly, in light of the present disctosure, oce of ordi- 5 major podcets) for that allele are known. In accordance with 

nary skill in the art may consider each of the MHC biodiog method discussed herein, one may then develop one or 

pockets, or only selected pockets, and develop a sequence qjq^ sequence motifs for tbe HLA-DR protein associated 

motif for any HLA-DR protein for which the residues. y^th tbe dispa^.. Naturally, the disease, is associated with , . 

involved in pocket forinaifon arc known. 'ITiesc residues will ^^j^ alleles, motifs may be developed for (be two or 

determine both the size and nature of the pocket and, more HLA-DR proteins and, in particular, a consensus motif 

thereby, the size and nature of the residues which may hind ^ developed using tbe readues shared by each position 

within it. When the podcct is relatively smaU, the largest ^^^^ 

amino acid residues (e.g Y, W) may be excluded from the sequence motif or motifs thus devetoped arc then 

correspondingposilion of the mol.f and. ^^^^ ^^P^*^' >f compared to appropriate sets of human peptide sequences, 

charged^ ammo acd residues of the same charge may be ^^l^^^^^Sdcl^u^^^ 

U a «if or foreign epitope involved in immune response sequences ^ may be Uinited in ways which will be obvious 

is Imown or suspe^tedl and particularly if itsTCR contact tooneof ordinary sfal mtlK art. example, if the di^ 

residues can be defined through tbe use of re^nsivc T ceU is rcstncted to particular tissues, the search may be limited 

clones, the TX:^^ contact residues of the epitope may also be to peptides found in those tissues. Conversely, peptides 
considered in developing a sequence motif. As with the 20 which are also found in unaffected tissues may be eUminated 

MHC contact residues, all or merely some of the TCR from the search pool. In the most extreme case, when the 

contact residues may be restricted in the molif. And, as with autoanligen is known or suspected but the particular epitope 

the MHC positions, the restriction of more positions (or the is unknown, the search may be Umited to sequences withm 

greater restriction of any one position) will result in the the autoantigcn (see Example 1). 

identification of fewer peptides in a database search. Unlike 25 This method may be used to identify a set of peptides 
the MHC contact residues, for which at least two positions which maidi tbe motif and whidi are mo^ likely to be self 
shouk) be restricted in the motif, it is acceptable 10 omit any epitopes. By varying the number of positions restricted by 
restrictions of TCR contact residues in the motif. the motife, and/or the extent of restriction at each pcKilion, 
If any TCR contact residue positions are restricted in the andA>r tbe size of the search pool, the number of peptides in 
sequence motif, it is preferred that a position selected from 30 the set will, in all likeUhood, also be varied. As noted above, 
positk>ns P2, P3 and P5 be chosen. Because, in contrast to at least two of the MHC contact positions (e.g., PI and P4) 
the relative promiscuity of MHC binding pockets, TCR should be restricted. Depending upon tbe number of pep- 
contact residues appear to have greater specificity, it is tides in the resultant set, a more or less restncUvc mottf may 
preferred that any TCR contact residue posiUons which arc then be employed to reduce or expand tbe set. The desired 
restricted in the molif be rather narrowly restricted. That is. 35 size of the resultant set depends, of course, upon the sub- 
it is preferred that such positions be restricted to just the sequent intentions of the practitioner of this method, 
residue found at the corresponding position of tbe known Once a set of pepUdes has been identified, these peptides 
anticen or just to rwidues which are highly similar in may optionally be screened for activity. The choice of such 
stnicture and charge. screens is at the discretion of the practitioner and beyond the 
For example, and as further detailed below, the MB? 40 scope of the present uivention. Preferred screens, however. 
(85-99) peptide is known to be the auloantigen impUcated in include in vitro tests for the ability to induce the prohferatton 
muhiple sclerosis. The P3 residue of this peptide is Phe of autoreactive T celb or to induce the secretion of lym- 
(residue 91 of MBP) and the P5 residue is Lys (residue 93 phokines (cytokines) from these T cells or to induce other 
of MBP). Thus. ifP3 is restricted in the motif, it is preferred effector functions such as cytotoxicity. In some 
that it be restricted to F or, possibly, to F and Y. Similariy, 45 circumstances, human in vivo tests may be appropriate and 
if P5 is restricted, it is preferred that it be restricted to only in other circumstances animal models of the human disease 
K or to K and the simiUrly charged R.Alternati\'ely,P3 and may be avaflable. ^ . „ 
PSmaybckftunreslriaed. HI. Identifying Foreign Epitopes Imphcaicd m Human 
Obviously, MHC and TCR positions not selected for Autoimmune Disease . , . , 
restriction may be represented by. in the notation of this 50 As noted in the Badcground section. epidcmi^ogKya 
disclosure, an X. Similarly, as shown in the examples below, evidence has suggested that vanous bactenal and viral 
several molife may be developed with varying numbers of pathogens may be implicated m human autoimmune 
positioas restricted to varying extents. cases and the concept of molecular mumoy pervades the 
IMdentifying Self Epitopes Using Sequence Motife Uieramre (reviewed by OWstone. 1990). Phor attcmpu to 
An ever increasing number of autoimmune diseases are 55 identify particular foreign epitopes involved in human 
now being associated with particular aUeles of the MIIC autoimmune disease, however, have depended t^ direct 
aass n HLA-DR locus. For most of these autoimmune sequence similarity to known human epitopes. The results 
diseases, the self epitope remains unknown. For some, have been disappointing and, to date, no pathogens or 
however a self protein involved in autoimmune response is peptides derived from pathogens have been shown to be a 
known or suspected. «» primary cause of human autoimmune disease. 

In one aspect of the present invention, a method is Thu.s in another aspect of the present mvenUon, a method 

provided for identifying the self epitopes involved in of identifying foreign epitopes implicated in human aut 

autoimmune diseases associated with HLA-DR alleles. That mune disease is provided. That is, for the first <^ a,™^?!^ 

is, by comparing human peptide sequences to the sequence of identifying such foreign epitop^ is provided whi^ 

motife of the present invention, one is enabled to identify 65 employs sequence motifs to identify foreign pqitides whidi 

those peptides which have the highest likelihood of being have the highest likeUhood of bcmg involved in the aeuol- 

thc self epitopes involved in the dlsea.se. ogy of human autoimmune disca.se. 
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The melbod may be applied lo any of the autoimmune . epitopes involved in Ibe aetiology or in remissions of 
diseases for which an association with a particular MHC multiple sclerosis. As detailed in Example 2 below, each has 
protein is known and for which cither (1) a sequence motif been shown to be capable of inducing the proliferatioii of 
has been developed by prior art methods or (2) a sequence autoreactive T cell clones isolated from human multiple 
motif may be devetoped by the methods of the present 5 sclerosis patients. The sequence of the MBP (85-99) peptide 
invention. When the self epitope is known or susi>ect«<l. is disctosed as SEQ ID NOj 16. 

TCR contact residues may be included in the motif. As Each of these proteins has a variety of utilities and, 
before, one or more molife may be employed and differently therefore, in another aspect, the present invention provides 
derived motife may be combined to develop coiisciisus * each of these pcpfides in isolated fohn. In addition lo the 
QjQ(l£^ 10 sequences of fifteen residues shown in the Sequence Listing 

The sequence motif or motifs thus developed may then be and Tables, the present invention also embraces the frag- 
comparcd to appropriate sets of peptide sequences derived menls of these peptides corresponding to the MHC binding 
from human pathogens. This is most conveniently accom- domain. In particular, the invention provides peptides oor- 
plished using genetic databases widely available to those of responding to the P-2 to Pll, P-1 to P9 and P-1 to P6 
skill in the art. In a most preferred embodiment, the search 15 positions of each of SEQ ID NO.: 1 through SEQ ID NO,: 
pool is limited in one or more of the following ways: (1) only 15. As wiU be obvious to one of ordinary skill in the art, 
sequences from human bacterial or viral pathogens are however, any fragment of any of these peptides which 
included; (2) sequences from the normal human intestinal includes at least the PI and P4 or at least the PI and P6 or 
flora (c.g.,£. co/i or other£/i/era6flc/enflc«ie) arc excluded; at least the P4, P6 and P7 residues may have utility and is 
and (3) sequences from pathogens are included/exdudcd 20 intended to fall within the spirit and scope of the claims. In 
depending upon whether the geographical or cpidemiologi- partirular, longer peptides including these peptides or pep- 
cal incidence of the pathogens are positively/negatively tides mcluding at least the MHG binding and TCR contact 
correlated with the incidence of the autoimmune disease in residues described above are contemplated as equivalents, 
question (sec Example 2). 'nw manner of producUon of these peptides is inconsc- 

This method may be used to identify a set of foreign 25 quential but they may be isolated and purified from their 
peptides which match the motif and which are most likely to natural sources or they may be synthesized Because of their 
be involved in the human disease. As before, the number of relatively short length, it is presently contemplated that ibcy 
peptides in the set can be varied by using more or less should be produced by synthesis. Methods of isolation, 
restrictive molife and/or by varying the search pool. And. as purification and synthesis of such peptides are well known 
before, the resultant set of peptides may subsequently be 30 in the art and need not be recited herein, 
subjected to any of a variety of known screens for activity. The peptides of the present invention may be used for in 
IV. Self and Foreign Epitopes Identified by the Methods of vitro assays to aid in the diagnosis and classification of 
the Present Invention pemphigus vulgaris and multiple sclerosis. For example. 

As detailed in Ibe examples below, the methods of the autoreactive T cells firom patients with PV and MS may be 
present invention have been employed (1) to identify seven 35 tested, as in the examples below or by other known assays, 
self epitopes of the dcsmoglcin 3 protein implicated in for reactivity with these peptides. The ability or inabflity of 
pemphigus vulgaris and (2) lo identify eight foreign epitopes these peptides to cause proliferation of the TccUs will, in the 
from human pathogens implicated in multiple sclerosis. case of pemphigus, altow for a refinement of the diagnosis 

Each of these peptides is fifteen residues in length, partly by particular desmoglein 3 epitopes and. in the case of 
as a result of the computer databa.sc search program ased 40 multiple sclerosis, allow further classification of the disease 
(Genetics Computer Group program "Findpattems*^ but by cross-reactive (self and foreign epitope) types. Immune 
also corresponding to the size of the cleft in MHC class II response to these peptides prior to onset of disease may also 
molecules. The fifth position of each corresponds to the PI be used as an indication of susceptibility or predisposition 
residue of the antigen. Thus, the P-2 to Pll residues which although care should be taken so as not to induce autoanti- 
span the MHC Class II binding cleft correspond to the third 45 genie response. 

through fifteenth residues of these sequences. The P-1 to P9 The present invention also provides products and methods 
residues which are important to MHC and TCR binding using other peptides which may be identified by the methods 
correspond lo the fourth through thirteenth portions. The of the present invention. These peptides, as wcU as those 
most important residues for MHC and TCR binding. P-1 to disclosed above, may be used in each of the following 
P6 correspond to the fourth through tenth positions of these 50 embodiments. 

sequences. peptides of the present invention may be used in the 

SEQ ID NO.: 1 through SEQ ID NO.: 7, also shown in development of animal models by immunizing animals (e.g.. 
Table 1 as PVA. 1 through PVA. 7, correspond to residues nnicc, rabbits, non-human primates) with these peptides. 
78-93, 97-111, 190-204, 206-220, 251-265, 512-526 and Animals whidi not only develop a response to the peptide 
762-786 of ihe'human desmoglein 3 protein. These peptides 55 but which also devetop an autoimmune disease corr^nd- 
are impUcated as self epitopes in pemphigus vulgaris. ing to the human pathotogy will have obvious uuliiy as 
Already as described in Example 1. two of these peptides models for the human disease. Animals which develop a 
have beJsn shown to cause proliferation of T cells isolated response to the peptide without developing any correspond- 
from two patients with pemphigus. ing autoimmune disease, will have utility as subjects for 

SEQ ID NO.: 8 through SEQ ID NO.: 15. also shown in 60 experiments involving the selective depletion of T ccUs or 
Table 2 are interna! fragments of the herpes simplex virus other forms of desensitization or tolerization. ^ 
UL15 protein, adenovirus Type 12 ORF, Pseudomonas ImportanUy, these peptides and amino aad analogs of 
aeruortosa pho^homannomutasc, human Papillomavious these peptides will have utility as therapeutic and diagnostic 
Type 7 L2 protein, ^ein-Barr vims DNA polymera.se, agents. The pathogens, viruses or bacteria from which they 
Influenza Type A hemagglutinin protein, Rcovirus Type 3 65 are derived will have utility as vaccinating agpnts. Some 
Sigma 2 protein, and herpes simplex DNA polymerase. examples of the utibty of these matenals mchidc the fol- 
respectively. These peptides are implicated as foreign lowing. 
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•nic peptide may be administered in high doses to produce mune disease. These polypcpUdcs arc capable of binding to 

hi£h dtSTtolcrancc. This process of lolcrization is described the HLA-DR protein to form a complex which activates T 

i^for example, PCT patent appUcaiion US93/08456 cells which become autoreactive and inlUlc the autoimmune 

(International publication number WO 94/06828). Thus, in disease. The preparations of the present mvention spcdfi- 

onc set of embodiments, the invention provides for phar- 5 cally do not include such polypepUdcs but. rather, indudc 

maccuiical preparations for use in lolerizing individuals to other antigens from the pathogen. That is. a vaccine is 

autoanUgtns. The preparations may include a pharmacculi. produced which specificaUy does not indude PolSHPCplidw 

cally acceptable, carri^ and.an isolated human polypeptide . which correspond to. the sequence npotifs for the HLA-DR 

which includes an amino acid sequence corresponding to a protein and. if known, the TCR contacts of the self epitope, 
sequence motif for an HLA-DR protein which is associated lO Becausfe pathogens present a wide array of anUgenic 

with a human autoimmune disease. These polypeptides arc determinants, one may eliminate those which correspond to 

capable of binding to the HLA-DR protein to form a the relevant sequence motif and produce a vaccine which is 

complex which activates autoreactive T cells in subjects effective against the pathogen but which wiU not mdude 

having the autoimmune disease. By using the peptides peptides implicated in the autoimmune nsponsc, ^ 
disclosed herein or identified by the methods of the i5 Such vaccines, ladcing peptides ooncqwndmg to the 

invcmion, such pharmaceuticals can be used to combat sequence motifs of the present invention, may be made m 

autoimmune response. The useofsuchtolerizationtohuman any convenient manner by one of ordmary skiU in the art. 

autoimmune diseases is known in the art and need not be For example, when producing an influenza vaccme. one may 

elaborated upon here. Tolerizing doses of coUagcn for compare the peptide sequences of the mflucnza virus to 
rheumatoid arthritis and mydin basic protein for muliiplc 20 sequence motifs developed according to ibc present mvcn- 

sdcrosis have been used. The present ii?vention therefore tion. The vaccine may then be made cxcludmg the proteins 

specificaUy docs not embrace these proteins. Other peptides. which have &e roolif sequences (e.g. by usmg a fragment of 

however may now be identified by the present methods and the virus) or recombinant techniques may be used to produce 

be similirly used to treat autoimmune disease. a virus in which the sequences corresponding to the moUf 
In particular cmbodimenis, such pharmaceutical prepara- 25 are altered such that they do not match the motiLIn 

Uons arc provided in which the HLA-DR protein is HIA- preferred embodiments, the altered residues arc the TCR 

DR4 protein and the autoimmune disease is pemphigus conuct residues and, in particular, a substituuon which alters 

vulgark In addition, using PV motif #1, pharmaceuticals the diarge of a TCR contact residue is preferred. SuniUr 

having peptides with this motif are provided. In most vacdnes can be developed for bacterial pathogens using, for 
preferred embodiments, the pharmaceuticals include at least 30 example, only portions of the bacterium (e.g. bacterial 

one of the polypeptides of SEQ ID NO.: 1 through SEQ ID surface proteins or membrane associated proteins) which 

NO- 7 Thus methods of tolerizing an individual to a lack a motif associated with human autoimmune disease or. 

penipbius vulgaris auloantigen are also provided. again, by genetically altering the vaccine bactcna so as to 

In a similar set of cmbodimenis, ihc invention provides change residues, 
for pharmaceutical preparations for use in tolerizing indi- 35 The motife which are considered in crcatmg such vaccmcs 

viduals to antigens of human pathogens which arc impU- may be chosen on any of several grounds. If the pathogen to 

cated in human autoimmune disease. The preparations which the vaccine is directed is assocuted with an autoim- 

inchide a pharmacculicaUy acceptable carrier and an isolated mune disease, a motif may be devdopcd accordmg to the 

human pathogen polypeptide which includes an amino add methods described herein for an HIA-DR prolem associated 
sequcncrcorrc.spondii« to a sequence motif for an HlJ\-DR 40 with the disease. If there is also a known or suspected 

protein which is assodated with a human autoimmune auloantigen. the motif may indude TCR contact residues of 

disease. These polypq)iides are capable of binding to the the self epitope. The pathogen's protein complement may 

HLA-DR protein to form a complex which activates autore- then be compared to the motif and pepUdes corre^ndmg to 

active T celb in subjects haviiig the autoimmune disease. the motif may be omitted from the vaccine or may be altered 
Thus, by tolerizing an individual to these antigens. T cells 45 by recombinant means to produce a vaccine free of such 

which are cross^readivc with the self antigen wiU be ren- peptides. Alteniauvcly, vaccines may be developed with 

dered unre^onsivc or ancrgized and protection from the particular populations in mind. For individuals aiffcnpg 

disease will be afforded. from or at risk of dcvctoping a particular autoinramnc 

In particular embodiment, such pharmaceutical prepara- disease, special vaccines may be developed In this case, the 
tions are provided in which the HLA-DR protein is HLA- so motif is again diosen on the basis of the M-A-^R protcm 

DR2 protein and the autoimmune disease is multiple sdc- associated with the autoimmune disease and, when known, 

rosis In addition, \L^ng the the three MS motifs disclosed the TCR contact residues of the self epitope, 

herein. pharmaceuUcals having peptides with at least one of In particular embodments^ such vacaiic prcparauons are 

these inolife are provided. Specific embodiments of the provided in which the HlA-DR protein is HIj\-DR4 protein 
pharmaceuticaU indude at least one of the polypeptides 55 and the autoimmune disease is pemphigus vulgaris. And. m 

disdoscd as SEQ ID NO.:8 through SEQ ID NO.: 15. Thus. particular, vaccines are provided lacking a peptide corre- 

methods of tolerizing an individual to a multiple sclerosis spending to the PV motif #1 disdosed herein. ^>ecific 

foreign antigen arc also provided. embodiments of the vaccines i°cl"de vaames ladang at 

InlmothJ set of embodiments, pharmaceuticals are pro- least one of the peptides disclosed as SEQ ID NO.: 1 through 

vided for vaccination against a human pathogen impUcated eo SEQ ID NO.: 7. Thus, methods of immunizing an individual 

in the aetiology of autoimmune disca.sc. These pharmaceu- against pathogens which may cause pempbigns vulgaris arc 

Ucal preparations include a pharmaceutically acceptable also provided. 

carrier and an immunogenic preparation effective to immu- Similarly, vacdne preparatwns are provided m v^^ch the 

nize against a human pathogen. The human pathogen is one HLA-DR protein is HIA-DR2 protein and the autoimmune 

which in its native form indudcs a polypeptide having an 65 disease is multiple sclerose. And. m particular, vaccmcs 
amino add sequence corresponding to a sequence motif for lacking a peptide corre^nding to at least one of the toee 

an HIJV-DR protein which i.s a.s.sociated with the autoim- MS motifs disclosed herem are provided. Specific embodi- 
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ments of ibe vaccines include vaccines laddng at least one 
of tbc peptides disclosed as S£Q ID NO.: 8 through SEQ ID 
NO.: 15. In particularly preferred embodiments, the vac- 
cines are developed from the pathogens listed in Table 2 but 
lack either the entire protein listed as the antigen or lack at 
least the peptides identified in the corresponding sequences. 
Thus, methods of immunizit^ an individual against patho- 
gens which may cause multiple sclerosis are also provided. 

These peptides will alsa be useful in as&es^i^ which 
pathogeQ(s) may be important in a particular patient. For 
example, the T cells from one patient may proliferate in 
response to one or a few of these peptides, while those from 
another patient may proliferate in response to a different 
peptide or set of peptides. Analogs of the peptides may be 
synthesized in which one of the T cell receptor contact 
residues is substituted. For example, in the case of MS, 
peptides with the substitution of MBP91F by 91A or of 
MBP93K by 93A may be employed. Such analogs are not, 
however, limited to the substitution of these primary T cell 
receptor contact residues of to substimtion by particular 
amino acids such as A. These peptide analogs may be ascd 
to anergize (iuiciivale) autoreactive T cells (see, for 
example, Sloan-Lancaster et al., 1993 and 1994) upon 
administration to autoimmune patients. The viruses or bac- 
terial pathogens may be useful in immuiuzation by selecting 
viral or bacterial strains that do not carry the mimicry 
epitope. Proteins from these pathogens other than those that 
carry the mimicry epitope may also be selected for imnni- 
nization. This therapy may be useful in preventing reinfec- 
tion and thus remissions of the disease or 
initial infections in particularly susceptible populations (the 
most obvious example of which is a disease-free identical 
twin of a patient). 



The p diain residues involved in forming the PI podcet 
for this allele ar^ ^85 (Val), p86 (Val), P89 (Phe) and P90 
(Tbr). Thus, the presence of Val at P86 Onstead of Gly as in 
DRB1*0101) suggests that the PI position of the motif be 
restricted to V, L, I, M and F. Alanine might also have been 
included but was not in this example. The P6 pocket is 
formed in part by the fill (Val) and pi3 (His) of the 
pRDl*04Q2 protein.. Relative to the DRB1*0101 allele, in 
which tbesie residues are Leu and Pbc respedively, 'the P6 
pocket of the DRB 1*0402 protein is somewhat larger and 
more polar. Thus, for the P6 position of the motif^ S, T, N 
and V were allowed. Finally, the P4 pocket of this DR 
protein is formed in part by the residues pl3 (His), p70 
(Asp), P71 (Glu), P74 (Ala) and P78 (Jyr). As noted above, 
the two negatively charged residues as p7p and p71 create 
a preference for positively charged antigen reddues aiul, 
therefore, the motif for the P4 position was restricted to K 
and R. 

Tbtis, the sequence motif for the pemphigus vulgaris 
20 autoantigen was defined as: 
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Although the autoantigen for pemphigus vulgaris is 
in preventing known, the precise epitopes within the autoantigen have 
mulations ^the ^ previously remained unknown. Using the method of the 
present invention, however, it has been possible to identify 
a small set of peptides which may serve as the autoantigenic 
determinants. The target antigen of pemphigus vulgaris is an 
epithelial adhesion molecule of the cadherin family, desmo- 
35 glein 3 (Amagai et al., 1991). Desmoglein 3 mediates Ca** 
dependent adhesion between keratinocytes; the autoantibod- 
ies interfere with cell adhesion with resulting blister forma- 
tion (Takeidii, 1990). The autoantibodies are thought to be 
pathogenic since a transient blistering disease is also seen in 
bility gene (Ahmed et al., 1991; Ahmed et at., 1990; Scharf 40 newborns of affected mothers due to transfer of maternal 
et al., 1988). The PV associated molecule has a negative immunoglobulin to the fetus. Transfer of serum or desmo- 
charge (Glu) at the critical position P71; the neighboring g]ein 3 specific antibodies to mice also results in acantholy- 
position (p70) is also negatively charged. The DR4 subtype sis (Amagai et al., 1992). 

associated with PV is the only one that carries a negative Only seven peptides from this lar^e protein (130 kDa, 999 
charge at DRp 71 (a positive charge (Aig) is found at DRp 45 amino acids) matched the motif. These seven pemphig:us 



EXAMPLES 

1. Identification of Self Epitopes of Pemphigus Vulgaris 

As noted above, pemphigus vulgarb (PV) is, in different 
ethnic groups, associated either with a DR4 allele 
(DRB1*0402) or with a rare DQl allele (DQB1*05032); 
only a small fraction of PV patients have neither susccpti- 



vulgaris antigens (PVA.l-PVA.7) are presented betow in 
Table 1 with the residues corresponding to the MHC binding 
positions PI, P4 and P6 underlined. 

TABLE 1 



71 in the RA associated DR4 molecules). Although 
polymorphic the P7 pocket residue DRP 67 (Lcu/Ilc) does 
not appear to be involved in peptide binding but probably 
acts as a TCR conUct residue (Stem et al., 1994). 

The charge of a polymorphic residue at DRP 71 could 50 
therefore account for susceptibility to two different autoim- 
mune syndromes a.ssociated with strucmrally similar DR4 
subtypes: DR4 alleles associated with susceptibility to dieu- 
matoid arthritis have a positive charge at DRp 71 (Arg) 
while the DR4 allele associated with pemphigus vulgaris has 55 
a negative diarge at DRP 71 (Glu). Peptides selective for 
either DR4 molecule may therefore dififer significantly in 
their charge at P4: Peptides with a negative charge at P4 
would be expected to bind to the RA associated molecules Therefore, the selective presentatbn of one or several of 
but not the pemphigus associated DR4 molecule; in contrast, 60 these peptides by the PV associated DRB1*0402 molecule 
a positive charge would be expected for the pemphigus to T cells may be critical for initiating autoimmunity in PV. 
peptide(s) at position 4. Due to the conserved nature of these To lest this, T cell lines were raised from blood mononuclear 
molecules, other peptide anchor residues (PI and P6) would celk of two patients with active disease by stimulation with 
not be expected to be different for these DR4 subtypes. the seven candidate peptides. T cell lines were expanded 

A sequence motif for selective binding to the HLA-DR 65 with rIL-2 and tested for recognition of the candidate 
DRBl*0402proteinwas developed according to the method peptides in a proliferation assay. T ccU lines from both 
disdosed herein. patients recognized two peptides from the extracellular 



PVA.1 (iw. 78-93) 
PVA.2 (iw. 97-111) 
PVAJ (ICS. 190-2M) 
PVA.4 (res. 206-220) 
PVA.5 (res. 2SJ-26S) 
PVA.6 (res. 51»2£) 
PVA.7 (res. 76i-786) 
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TTMnXSRNTCEVKT 

CECNIKV^yNI>NFP 

SAJOLNNKyrGPYTF 

QSGTMRTRI^ITXjTN 
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domaio of dcsmogkin 3 (PVA3 and PVA.4) that were 
located dose to the major autoantibody recognition site. 
These T cell lines were HLA-DR restricted as T cell pro- 
liferation was blocked by a monoclonal antibody specific for 
HLA-DR but not by a control antibody. These desmoglein 3 
peptides are therefore candidates for the T cell dependent 
induction of auloimmimity in pemphigus vulgaris. 

The motife of the present invention relating to the HLA- 
DR proteins can be taken one step further. In a different 
ethnic group PV is associated with a rare DQl subtype 
(DQB 1*05032) that differs from the common DQl subtype 
only at posiaoQ 57 of the DQP chain (Sinha, et &U 1988). In 
the PV associated molecule DQP 57 is negatively charged 
(Asp) whereas in the common DQl subtype it is not. The 
same position on the DQp chain has also been implicated in 
susceptibility to diabetes. In diabcles, however, the reverse 
is true: DQ2 and DQ8 molecules associated with suscepti- 
bility to diabetes do not have a negative charge at DQJJ 57 
(Todd et al., 1987). 

Based on these observations it becomes clear that two 
polymorphic positions in the MHC class II p chain (position 
71 of DRP and position 57 of DQp) are critical for selective 
peptide binding and the dcvelopmetit of autoimiiiunity. 
Based on the criteria described above, a diabetes linked 
peptide would be expected to have a negative charge al P9 
since such a peptide wouki only bind to DQ molecules that 
do not have the same charge at DQP 57. In contrast, for the 
DQl associated cases of pemphigus, a peptide with a 
positive charge at P9 may be selective for the disease 
associated molecule which carries a negative charge at DQP 
57. In the case of DR4 linked autoimmunity, the charge at ^ 
peptide position 4 confers selectivity to the disease associ- 
ated DR4 molecule: RA peptides have a negative charge at 
P4, PV peptides a positive charge at P4. Motifs for selective 
peptide binding may therefore prove to be tremendously 
useful in the identification of key epitopes that initiate 
human autoimmune diseases. This approach is expected to 
be useful not only for identifying peptkles in PV, RA or 
diabetes but also for other autoimmune diseases where 
residues critical in peptide binding have been linked to 
disease susceptibility. 

2. Identification of Mimics of the Multiple Sclerosis MBP 
Auloanligen 

SuscepU'bility to MS is associated with HLA-DR2 (DRA, 
DRB 1*1501, the most common subtype of DR2) (Spielman 
et al., 1982; Olcrup el al., 1989). This MHC class 11 
molecule is believed to play a critical role in the immuno- 
pathogenesis of MS by presenting immunodominant self 
peptides to autoreactive T cells. Foltowing injection of MBP 
in experimental animals, T cells specific for immunodomi- 
nant peptides of MBP mediate an inflammatory response in 
the CMS that can be accompanied by marked demyelination 
(reviewed in Zamivil and Steinman, 1990). In previous 
studies two regions of human MBP were found to be 
immunodominant (residues 84-102 and 143-168) (Ota et al. 
1990; Petle et al. 1990; Martin et aL 1990; Wuchcrpfcnnig 
ct al. 1994a). Reactivity to the MBP(84-102) peptide was 
predominantly .seen in subjects carrying HLA-DR2. Using L 
ceU transfectants as antigen presenting Cells, HLA-DR2b 
(DRA, DRB1*1501) was found to serve as the restriction 
element for these MBP(84-102) j^ific T cell clones. 

The MBP(84-102) peptkle binds with high affinity to the 
HLA-DR2b molecule with two hydrophobic residues serv- 
ing as the anchors PI (Val 89 of MBP) and P4 (Pbe 92 of 
MBP) (Wucherpfennig et al., 1994a; \fogt et al. 1994). Al 
position PI, Val 89 can be substituted by other aliphatic 
amino ackls (Leu, He), as well as by mcthionioc and 
phenylalanine; alanine is tolerated at this position but 
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reduces the affinity of the peptide for HLA-DR2b. At 
position P4, all aliphatic and aromatic residues are permit- 
ted; again alanine is tolerated but results in a loss of bindiiig 
affinity. 

A mutational analysis of putative TCR contact points 
confimis that P3 (Phe 91) and P5 (Lys 93) are TCR contacts 
for the MBP(85-99) specific clones; other residues such as 
P-1 (Val 88) And P2 (His 90) arc important for some clones 
biit not for others. Substifutit») of P3'(Phe 91) by alanine 
abolishes TCR recognition for all clones; some clones 
tolerated conservative substitutions (eg. tyrosine or aliphatic 
amino acids) while other clones do not. Substitiition of PS 
(Lys 93) by arginine is tolerated by most T cell clones but 
more drastic changes firequently result in a partial or com- 
plete loss of T cell reactivity. This analysis demonsUates that 
P2 (His 90X P3 (Phe 91) and P5 (Lys 93) are the primary 
TCR contact residues for MBP whfle PI (Val 89) and P4 
(Phe 92) are the primary MHC oonUct residues for MBP. 
This analysis ako confimis the present teaching that the 
TCR contact residues of a motif should be highly if not 
absohitcly conserved. 

Based on this struciural characterization of the immun- 
odominant MBP(85-99) peptide, three sequence motife 
were developed to search a protein database for viral and 
bacterial peptides that matched these requirements. The 
motifs focused on the core region of the peptide, residues 
P-1 to PS (88-93 of the MBP protein), which contained the 
MHC and TCR contacts common to all clones. In the first 
motif, aliphatic amino acids were allowed at the first MHC 
anchor residue PI while both aliphatic and aromatic residues 
were pemiitted at the second MHC anchor P4. For the TCR 
conucts, the Phe 91 at P3 was absolutely conserved, the Lys 
93 at P5 could be substituted only by arginine, while the His 
90 at P2 and the Val 88 at P-1 could be substimted by several 
structurally related amino acids. Thus, the first motif for 
multiple sclerosis antigens was defined as: 
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The second motif omitted the Val 88 P-1 as a TCR contact 
residue (used only by some clones) and permitted also 
aromatic amino adds at the first MHC andicff PI (Val 89). 
This was done .^nce the MBP(85-99) peptide is presented 
by different HLA-DR2 subtypes: Presentation by 
DRB1*1501 requires an aliphatic amino acid <x phenylala- 
nine at this position while al^>hatic and all aromatic residues 
at this position can serve as anchor for DRB1*16Q2. This 
difference, as explained above, relates to the size of the 
primary podcet for binding this hydrophobic residue and is 
determined by the Val/Gly dimorphism at DRP86 (Val in 
•1501 and Gly in •1602) (Buscfa el aL, 1991). Thus, the 
second motif for multiple sderosis antigens was defined as: 
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ihc MBP(8S-99) peptide. Seven clones were lesled wilh Ihc 
-coPtiDued vi^al^aclcrial peptides selected according to the sequence 

Pashioa PI P2 P3 P4 P5 motife. , 

Three of the seven clones tested were eflBctently activated 

by several viral/bacterial peptides. The fifst clone (Hy.lBll) 
was HLA-DQl restricted whereas the other two clones 
(Hy.2Ell and Hy.lGll) were HLA-DR2 restricted 
(Wucberpfennig et al., 1994a). Among the 70 peptides 
selected according to moti£s #1 and. #2, three mimicry* 
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. . j,-fi^t;«« «f ^ oeolidcs stimulated the DQl restricted clone and two pep- 

Tbeth^ sequence moUf r^rtscnud ^^^od^^onof ,o P^7^„i3j^ ^^e DR2 restricted T ceU clones. 

?oc^^°TT''^''%r.h^^ ^ngtbegroupof59peptidesselectedaccoidingtomotif 

b%^ a^iSTuc or aliphatic amino adds. The third motif while two were ident^ed for the DM i«;liicted clones. 
fomSJiJle sclerosis anUgens was deGned as: Taken together, the DQl restricted TceU clone recogn^ 

*^ five structurally related peptides: the immunodommani 

MBP(85-99) peptide, three viral peptides (from Herpes 
simplex. Adenovirus type 12 and Human Papillomavirus) 
and a bacterial peptide {Pseudomonas aeruginosa). Two of 
the DR2 restricted clones were activated by four peptides. 
Both clones recognized the MBP(85-99) peptide as well as 
peptides from EBV and Influenza virus. In addition, one 
clone recognized a viral peptide from Rcovirus (clone 
Hy.2Ell) and one recognized a, peptide from Herpes sim- 
„ plex virus (clone Hy.lGll). Tbese results, and the sequences 
These HLA-DR motifs also matched well wilh the struc- ^ peptides, are summarized below in Table 2, 

tural requirements for an HLA-DQl restricted done specific 

for the MBP(85-99) peptide. This clone required ttie same TABLE 2 

minimal peptide segment as DR2 restricted clones (residues ^ 

87-^7) As in the DR2 restricted clones, P2 (His 90), P3 (Phe Peptides RecoRnized by Clone Hy. lBll 0X31 toukted): 

91)andP5(Lys93).ppearodtobethepri^^ 30 ENPWHFFKNivtTR 

residues. Substitution of these hydrophobic posiUoiis by ^^15 frqlvhfvrdfaqll 

aspaitic acid greatly diminished the stimulatory capaaly of Adc^viim Type 12, orf dfewtojcdvipef 
the peptide while substimtions by other hydrophobic amino Pseudamonas aeruginosa, Pbonphomaono- drllmlfakdwsrn 

and 10 HLA-DQl ud that the same peptide residues are — >= »= * 

critical for inteiartioDvdlh the TCR. mbP(8S-») SSC5!^SSI5JL 

Ibese iiioti& wei« used as seareh criteria in a search of Ep.iei»-Bjri vin.. dna Mymauc 1°^^^^!^^ 
p^^databases (PIRa«lSwissP,ot),^g the Gerties 

Computer Group software (program: findpaitems). More 40 pepOdcs RecogMzed by Clone Hy.igii (DR2 Rotricted): 

than 600 sequences of viral and bacterial origin were iden- «^„«™v,ru«,o 

tified that matched these criteria. From this set, sequences mbp(8W9) 

Zrc selected based on the foUowing criteria: (1) Viruses ^-t'^^T^T'^^ ^^S^Si^^^ 

known to catise human pathology. (2) Viruses prevalent m ^ ^^J^ ^na Poiymci-e gorrlffvkahvres 

the Northern Hemisphere where MS occurs most frequenUy. 45 , . 

inchu^^t-ostvin^s^M » "^^^f^^^^^ «^ J^S^^^^JSS » Kbp' 

countries, sequencesdenvcd f'^^'^I^J^J^^ * ^ (sT^) • «it««ion experiment. The peptides were 

Pin-Technology on a img scale (ChuonMinio^ S^ ^TX^^ S^Sa^i^^-S^So^ 
Die,^). S^-mV^ ™* ^ rJ^K^lt^Sr^ of •«ass-««:.ivi,y but 

^'-^.te'J^^^^^nfi^fortheir d,ility toactivMc other the «s„lt of s.n„.ural similarity sufficient for potent 

as antificn presenting cells (APCS) in these T ceU 65 peptide in that «U.aniino acids in lhe MBP^9-9^ 
Sfc«U^nTiriments(Wuclie.pfennige,al.^ segment except posiUon 94 (Asn to Asp) w«eidenU«d 

a^t^«nK all clois were khown to be activated by CTable 2). For all other sequences, simple alignment 
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would DOl have predicted Ibcm lo be efficienl slimula- recognized MBP(85-99) bul ool Ibc EBV peptide was not 

lore of MBP(85-99) specific T cell clones. Therefore, activated. In a separate experiment, T cell acUvation was 

absent the method of the pre.«nt invention, these pep- blodccd by a mAb specific for HIA-DR (mAb L243) bul not 

tides would not have been idcnUfied. by a mAb ^dfic for HLA-DQ (G2a5). Tbese results 

(2) At positions not ^ificd by the search criteria, the 5 demonstrate that the MBP specific T cell clones recognize 
selection for particular amino" acids was still apparent not only the viral peptide bul also antigen presenting cells 
(Table 2). For the DQl restricted clone, for example, infected with Ihc virus. In vivo this recognilion event could 
aa)arli.c acid was selected at position P6 (residue 94 of kad to chronic antigenic stimulation of MBP specific T cells 
MBP), a probable tCR contact residue; iii all four as B oclT activation results in the expression of EBV genes, 
peptictes. This position is occupied by asparagine io the including the DNA polymerase gene. 

MBP peptide (similar size, but no negative charge). Finally, the presentation of the viral peptides by dififcrcnt 

Substitution of Asn 94 for Asp in the MBP peptide DR2 subtypes was compared to determine if ihcy arc 

markedly increa.sed its stimulatory capacity for the cOicicntly presented by the disease associated molecule 

DQl restricted clone but reduced it for the DR2 (DRBl* 1501, the most common DR2 subtype). The MBP 
restricted clone. Selection also occurred at the neigh- 15 peptide was presented by three of the four DR2 subtypes; the 

boring P7 MHC contact (lie 9.S) for which fle, or peptide was not presented by DRBl* 1601 which differs 

Phe were selected (all hydrophobic). from DRB1M602 by a single amino add subslitolion (at 

(3) Different selection events occurred for the DQl and positbn DRP67, a possible TCR contact). The two viral 
the DR2 restricted doncs: At position P6 (94 of MBP). peptides were presented much better by the DR15 molecules 
there was selection of aspanic acid (negative charge) 20 (DRBl* 1501 and 1502 which differ only al position 
for DQl peptides v^bercas there wasselection for lysine DRP86) than by DRBl* 1602. This was particulariy evident 
roosilive charge) ifi two of the three peptides i»esented for the influenza peptide which only activated the T «U 
gpoa^ CD ^ y^y y ^^^^ presented by the DRB1*150171502 molecules 

(4) In the flanking segments (residues 85-«7 and 97-99), but not by DRBl* 1602 These x^ts indicate thai the viral 
no apparent selec^n look place as amino adds with 25 peptides identified terem are pre^^^ 

diffei^t size and charge were aUowed. MS assocuted DR2 molecule (DRB1*1501). 

The majority of the viruses from which these peptides DEFINITIONS 

were identified are common human clarity of interpreUtion and to clearly and distinctly 

TypeAfrequem y causesresiuratory iracimfea^^^^ J subject matter of the daimed invention, the 

PapiUomavirusmfectsepnhehalt^^^^^ 30 ^^^^j ^^.^ed for several terms 

lo cervical carcinoma^ and Epsicm-Barr virus (^tuv^ & k*«-i/^ 

ca«^ an acute viral syndrome (infectious mononucleosis) ^VP^'^ „. f - ;„ ,«»rd,nce with the 

to^ng adults. Human HenH»vinis 1 (Herpes simplex), Tbc lenn "sequence motit in accordant wth the 

rav and Huinan PapiUoma,^^ cause lalenr^ persistent description prcnrriedherem. means a serK« of restrKOionsM 

X olS LrSns (Herpes simplex). B celte (EBV) 35 U.e residues whrd. may "S^^ 

and epitheHal .(P'^^^^^ZT^ ^^t^^^ ^aTZ^^^d p^fe^ly to^^^: ^"^^.S^ 

vote. Vin.expnss.on °° J.^^'^ ^ivaU^ a^sequence. The relative positions oflte first (N^rininal) 
and stress (Herpes sunpkx) and by » ."^^'^"l^! a™hS(C-terminal) .estri<5ed amino acid positions shall be 

al» KvoNed in triggering clinical relapses. By this 45 tcstdues. Positions between the ^.J^Jf^^^ 

r^vSoTofthelyliclrycleandintheexpressionofthe 55 and preferably tc,, ammo acd .esulucs shaU be excluded 

DNA oolyincrase gene (Datta et aL. 1980). To examine &om a positwo. „ ^ 

ShC dSTresSicted presentation of the EBV DNA An ..nioo acid sequence -oonesponds" to a sequence 

oohmier^ an HLA-DRl* EBV traosfonned B ceU line motif if it can be aUgned with the posiUoos of ttie sequence 

S^Hnd an MHC mismatched cont,ol (9001. HLA- motif such that, at e«:h «strirted position of tte m^^^ 

DRnwwepreireated for 36 hours with phoibol ester which to amino acid sequence includes a lesidiie wtadi .s not 

SvS bv exten-sive wa.shing prior to coculture of excluded from that position by ^.-f "'f « j^^^** ,«!!«^^ 

v^th T ce'lU. T ceU clones ny.2Ell and Hy.lGll. the motif As the restncttoos whK± ^^^^ 

whkh^gnize the EBV DNA polymen« peptide pre- derived fitom the soe and nature of ibt MHC bining 

SS5^KDR2.wereactivat«dbyanHLA-DR2*EBV pockets of Hl^-DR proteins and. opUooaHy the TCR 

SUrf B cell Kne pretreaied wifh phoAol ester. Tins 65 conucl residues of known q..topes. be restricted posrtions 

e^^^cbecauk MHC misma.diedB cells did not of the binding motif may *obe sari to con«pond lo the 

Ste tl^es; also, a coottol done (Ob.l A12) that MHC binding podcels and TCR contact res.du«^ 
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The icnn "isolalcd.- in reference lo a prolein or AUcgrelu, M., Nkddas, J. A.. Sriram. S and yUbcrt^ 

polvpcpiidc, means separated from its native or nattiral (1990). T cclb responsive to myelin »^ P«>*«f^ 

ihcntol micmcnvitonmcnt. Thus, a polypeptide isolated patients with muUq>le sclerosis. Science 247:7ia-721. 

from a bacterium shall be in a preparation substantially free Amagai, Klaus-Kovtun, V., & Stanley, J. R. (1991). 

of most of the other bacterial polypeptides and, simflarly, an 5 AutoanUbodies against a novel epithelial cadherin in 

isolated viral polypeptide preparation shall be substantially pemphigus vulgaris, a disease of cell adhesion. Cell 

free of the other polypeptides which comprise the virus. 67:869. 

Hie term -associated with," as used in connection with a Amagai, M., Karpati, S., Pnissidc R., Klaus-Kovtun, V, & 

particular HLA-DR prolein and an autoimnmne disease or • Stanley, J. R. (1992). Autoantibodies against the amino- 

autoimmune response, shall mean that the protein and the terminal cadherin-like binding domain of pemphigus vul- 
discasc/response have been positively correlated by clinical 

garis antigpn are pathogenic J. CU/l Invest, 90:919. 

or epidemiological snidies such that the likelihood of dcvcl- Brewerton, D. A, Hart, F. D., Caffirey, M., KicboUs, A., 

oping the disease/response has been shown to be increased James, D. C. O., & Sturrodc, R. D. (1973). Ankylosing 

by presence of the protein. spondylitis and HL-A 27. Lancet 1:904. 

The term "HLA-DR protein" means the particular prolein Brown, J. H., Jardctzky, T. S., Goiga, J. C, Stem, L. J., 

product of a particular allele of the MHC class II IILA-DR Vibsia, R. G., Strominger, J. L., & WUey, D. C. (1993). 

gene. A disease associated with an Hl^-DR protein is one Three-dimensional structure of the human dass II histo- 

assodalcd with such a particular proiein and not merely with compatibility antigpn HLA-DRl. Nature 364:33. 

the HLA-DR gene locus. ^^^^ HiU^ C. M., Hayball. J. D., Lamb. J. R.. Rolhbard, 

By the term "human pathogen" is meant a badcrhim, ^ j g (1991). Effect of a natural polymorphism at residue 

virus or protozoan capable of infecting humans and gener- HLA-DR P chain on peptide binding. /. /mmu- 

iling an immune re^nsc. The term specifically IS intended iwrf 1471292-1298. 

toexclBde the bacteria which form part of the normal human - ^ Urban. R. 0.. Gorga, J. C. Vignali, D. A. A., 

intestinal flora. By this term. SeVw^S. A^minger. hL. (1993). Specificity and 

flora," is meant the baclcna which «o^f"y ^^^^ »^ ^ prom^uity among naturally processed pejrtides bound to 

human gut. suA e Escfiendua cob. but which do not ^ ^^j^ (^^^^^ % E:^^ jJ/^ 11%^ 

nK:ant that part of an auliantigen which is shared epitope hypolhesis. An approa^ to underslanditJg 

rccojSzed by T cells when bound to and presented by an 35 the molecular genettcs of susceptibility to iheumatoid 

MHCmokcole uibniis. Arthritis Rheum. 30:1205. 

By the term -effective amount." with respect lo tolcrizing Jardetzky. T. S.. Lane, W. S., Robinson, R. A^ Madden. D. 

an dividual to an antigen, is meant an amount of the R.. & Wfley. D. C. (1991). IdcntificaUon of self peptides 

antigen suCBdent to render T ceUs, otherwise specific for the bound to purified HLA-B27. Nature 353:326. 

antigen, unresponsive to the antigen when bound to and 40 Johnson. R. X, Griflfai, D. Hirsch, J. S., Wolinsky, J. S., 

presented by an MHC molecule. T cells which are unre- Rodenbedc, Undo De Soriano, L and Vaisberg, A. 

sponave fail to activate when presented with the antigen for (1^). Measles encephalomyelitis. Clinical and immu* 

which they are qiecific By the term "effective amount," nological snidies. N EngL J. Med, 310:137-141. 

with respect to immunizing an individual to an antigen, is Kaufman. D. L., Qare-Salzler. M., Tian. J., F6rslhUbcr, T., 

meant an amount sufficient to induce an immune response Yuig^ G. S. R, Robinson. R. Atkinson, M. A.. Scrcarz, E. 

which results in T cells specific for the antigen. IVP^ g.^ Tobin, A. J., and Uhmann, R V. (1993). Spontaneous 

ranges of dosages arc from 1 nanogram/kilogram to 100 of T-cell tolerance to glutamic acid decarboxylase in 

milligrams/kilogram or even 500 milli&^ms/kilogram. murine insulin-d«)endent diabetes. Mtfiire 366:69-72. 

Eflfective amounts wiU vary according to such factors as age. ^urtike. J R (1985). -Epidemiotegy of multiple sclerosis'' 

sex and sensitivity to the antigen. ^ inHandbookofclinica!neurology^,P^yVm^ 

By the term --corc MHC binding residues" IS nwant the Bruvn. H. L. Klawans and J. C Koetsier. Amsterdam/ 

resWues of an ^Pj^Pf ^^^JTfP^'"*/^^^ ^ New Yoric, Elsevier Sci. 259-287. 

positions of a peptide bound to an HLA-DR molecule, ay ^„^Kh„-, 1 c a PanavL G S a991> Genetics of RA: 

r.enn-in«er':S«MHCbindmgresau«-bme^^^^ sii;;d 45^h^i^^ 

residues of an epitope corrcspondmg to the P-1 to P6 ™ ?^ ll, ^c«««i 9^-1; 

positionsof.peSdc'^bound.o^HLA.DRau.lecu.c. 55 

References (1992). Spie«di% of T-oell autoimmunity to ciyptic deter- 

Ahmed A. R Ybnis. E. J.. Khatri. K., Wagner, R, Notani, minants of an avtoantigen. Nature 358:155-157. 

GA^^Z^A^, C. A. (1990). Major histocom- Madden. D. R, Gotga. J. C. Stiomingei. J. U. & WDcy. D. 

SiS^m^lS^ yi^stadiesii^^^ « C. (1991). Tl« strucnire of ra^-B27 reveab nonamer 

jS%^h Jemphjus^^'gari"^ No"- Acad. Sd. self-peptides bound in an extended confonnatK>n. ATomre 

AhSr?! Wagner. R.. Khatri. K.. Notani. G, Awdeh. mS's' g. E. and Bodj^r. G. (1992). HIA da^ H 

Z. and Yinis. EJ. (1991). Major hislocorapatibniiy nucleotide sequences. 1992. Human /ffwwiwf. 35:1-17. 

complex haplolypes and dass II genes in non-Jewish 65 Martin. R.. Jaraqucmada. ^■'J^^'J*^.^^^^^':' 

Sts with pe«Sig«» vulgaris. PnK. NctL Aca± Sd. WUtaker. J^Long. E. O, McFarlm^D JE. andMcFariand 

(USA) 88:5056! *^ * H. F. (1990). Fine specificity and HIA restnelion of 
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xdvcUd basic protein-specific cytotoxic T cell lines from Sloan-Lancaster. J., Shaw. A. S., Rolhbard, J. B. and Allen, 
multiple sclerosis paUcnts and healthy individuals. 7. P. M. (1994). Partial TccUsignaUing: Altered Phospbo-t 
Immunol 145:540-548. and lack of Zap70 recruitmeot in APL-induced T cell 

Oldstone, M. B. A. (1990). Molecular mimicry and auioim- anergy. Cell 79:913-922. 

munc disease. Cell 50:819^20. 5 Spielman, R. S., & Nathenson. N. (1982). The genetics of 

Olcrup, O.. Hillcrt, J.. Frcdrickson. S., Olsson, T.. Kara- susceptibility to multiple sclerosis. EpidemoL Rev. 4:45. 
Hansen. S., MocUcr, E., Carlsson. B. and Wallin, J. spruance, S. (1985). Pathogene.sis of herpes simplex labia- 
(1989). Primary chronig progressive and relapsing/ Eacpcrimenlal induction of lesions with. UV ligltf. . . 

remitting multiple sclerosis: TWo immundgencUcally dis- MicwUol 22:366-368. 

dnct diseases entities. Proc. Natl Acad ScL (USA) 10 g^^^^ ^ j grown. J. H., Jardetzky, T S., Urban, R., 
86:7113-7117. , Slromingcr, J. U & Wiley, D. C. (1994). Crystal structure 

Ola, K., Matsui, M.. Milford. E. L.. Mackin. G. A., Wcincr, ^^^^^ j, j^^^. ^j^j^ HLA-DRl complcxcd 

H. L. and Haflcr. D. A. (1990). T-ceU recogniUon of an .^^^^ ^^^^ 3^.^15 

immunodominant myelm basic proiem epitope in muJ. Ty^eicbi. M. (1990). Cadherins: A molecular family impor- 
liplc sclerosis. JVflm/eM^^^^^^ n M tant in selective cell-cell adhesion. Ann. /leu B«>cfc««. 

Pettc, M., Fujita, K., WiUunson, D., Altmann, D. M., cg^ry? 

TrowsdaIe,J.,Gicgerich.G.,Hinkkancn,A..Epplcn,J.T.. ' ' p v And Kauftnan D L (1994^ TceU 

Kappos. L and Wekcrlc, H. (1990). Myelin autorcaclh-iiy J - Lchmann, P. V. and Kautoan, U. L. (ivw; I ecu 

irSte sclerosis: Rc'cog^ition of myeUn basic protein T^J^'T'^'^'"'""''.'^'^^ 
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multiple sclerosis patients and healthy donors. Proc, Natl ceplib-Jily allele. J. E xp. Med. 180:1979-1984. 
Acad ScL (USA) 87:7968-7972. Tiscb, R.. Yang, X.-D., Singer, S. M.. liWau, R. S., Fugger, 

Protti. M. R, Manfrcdi, A. A., Morton, R. M., Bellone. M., L., and McDcviu, H. O. (1993). Immune refuse to 
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12:375-378. 30 Activatwn of latent Epsteiii-Barr virus by antibody to 

Rose. N. R., Wolfgram, L. J., Herskowitz, A. and Bciscl, K. human IgM. Nature 276:270-272. 

W (1986). Postinfectious autoimmunity: Two distinct Vogt, A. B., Kropsfaofcr, H., Kalbachei, H., Kalbus, M., 
phases of coxsackie B3-induccd myocarditis. A wt. NY Rammcnsee, H.-G.. Coligan, J. E. and Martin. R. (1994). 
Acad ScL 475:146-156. Ugand motifs of HLA-DRB5*0101 and DRBl^lSOl 

RStschke, C & KaDc K. (1991). Namrally-occuring peptide 35 molecules delineated from sclf-pcplides. J. ImmunoL 
antigens derived from the MHCclass-I-restriacd process- 151:1665-1673. ^ ^ 

ing pathway. Inwtunol Today 12:447. Wucherpfemiig, K. W.. Sette, A. Soutbwood^ S., Oseroff, 

Scharf; S.J.. Long. C.M..&Erlich,H. A. (1988). Sequence C, Mabaii, M.. Strommger, L. and Hafler, D. A. 
analysis of the HLA-DRP and DQp loci from three (1994a). Strucmral requuemente for bmdmg of an immu- 
pemphigus vulgaris paUents. Human InununoL 22:61. ^ nodominam myelin basic protem peptide topR2 ^X^^ 
ScWos^ein. L., Terasaki. P I.. Bluesionc. R., & Pearson. C. and for its recognition by human T cell clones. /. Exp. 
M. (1973). High association of an HL-A antigen, W27, Med. 179:279-290. ^ , ^ ♦ ■ w 
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SEQUENCE USllNC 



( 1 ) GENERAL mPORMATTOK: 

(It!) NUMBER OF SEQUENCES: 16 

( 3 ) INRyRMATION FOR SBQ CD NO:l: 
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-contiDued 



( 1 ) SEOUEKCE CHARACreWSnCS: 
( A ) LEKGIH: 15 MiiDO •ckb 
( B)TYFE*KftiDO«dd 
( D )TOP0LOCV. Unew 

{ i i ) MOLECULE TYPE: pcfrtidc 

(11 i ) HYTOTHerX^L: N6 

( V ) FRAGMEKTTrRK: ntfcnirf 

( V I )ORtGLNALSOURCH: 

( A ) ORGANISM: HOMO SATIEHS 

( X i ) SEOUEKCE DESCRIPTION: SEQ ID NO:L: 

Ala Tbr GId Ly» Me Tbt Tyr Arg [1« S«r Gly V.I Ol f Il« Asp 
I 5 10 15 

( 2 ) INFORMAnON FOR SBQ D NO:2: 

(1 ) SEQUaC(£ CHARACTERISTICS: - 
( A ) tENOIH: 15 sodno 
( B ) TYPE: mioo add 
( D )TDP0LOC\^tiBm 



( I I )MOl£CUtBTYrE: peptide 

(III ) HYPOTHEnCAL: NO 

( ▼ ) FRAGMENT TYFE: fmemal 

( V I )ORKHHAL SOURCE: 

t A ) ORGANISM: HOMO SAPIENS 

( s 1 )SEOUEKCE D!ESCRIFnON: SEQ ID NOO: 

Pbc OlT lie Ph« Vil V.l Asp Lys A»d Thr Gly Aip Me Asn Me 
1 5 10 15 



( 2 )INfORI4An0»IP0RSB0a>NO:3: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) IfNGTH: 15 amino adds 
< B)TYPE:aBuiioacid 
( D)TOPOtOGY^lfaie» 

( I I )MOL£n:L£TrP&peptide 

(Mi ) HYPOTHETICAL- NO 

< V inUCMEHTTYPE: ndenud 

( V I )ORiCIHAL SOURCE: 

( A )ORQANISM: HOMO SAPIENS 

( X I ) SEQUENCE DiESCRIFnON: SEQ ID NOil: 

Ltm As* Ser Lys Me Al. Pbe Lys Me V.I Ser Gl. OI» Pro Al. 

X 5 10 15 



( 2 ) INPORMAnON RHt SEQ ID N0:4: 

( I ) SEQUENCE CHARACJUUSIICS: 
( A )LENGm:l5«mbM>MUs 
( B )TYPE:«iinoKkt 
I D )TOP0L0CrftIiiwr 

( I I ) MOLECULE TYPE: peptide 

(til ) HYPOTHEIX:aL: NO 

( V ) FRAGMENTTYPE: imemal 



( V 1 ) ORIGINAL SOURCE: 

( A ) ORGANISM: HOMO SAPIENS 



r 
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-continued 



( » i ) SEQUENCE DESCWmOS: SEO ID N0:4: 

Tbr Pio M.t Pb« Leo Leo Sei Arg A.o Thi Oly GIo V.I Ar« Thr 
1 5 10 15 



{ 2 )Ih(FOMUnOKPpRSH)IDNO:5:. ..... ... • . 

( I ) SEQUENCE CKARACrERBTICS: 
( A ) LEKCiTH: IS •niaa i>ckb 
( B)TYF£:amtDO»dd 
( D )T0POLOCnft UDcar 

( i I ) MOLECULE TYPE: peptide 

( i i i ) HYPCTHETKAU NO 

( » ) FRAGMErfTTYPE: mtenwl 

( V i )0R1CLNAL SOURCE: 

t A ) ORGANISM: HOMO SAPIENS 

( X I ) SEQUENCE BfESCRIfnON: SEQ ID NO-.S: 

C,. r, I. Cy» A«. Mc Ly. V.I Ly* A.p V.I Asa A.p A«» Phc Pro 

1 5 10 ^5 

( 2 ) INIORMXnON FOR SEQ ID NO* 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) IfNGTH: 15 •mlDo adds 
( B)TYPE:BDbwKkl 
( D)T0F0LOGYiUiiear 

( 1 I )MOLECLa£T)r7E: peptide 

(Ml ) HYPOTHETICAL: NO 

I Y ) FRAGMENT TVPTi: iiilcin.1 

( V I ) ORIGINAL .^OURCF^ 

( A ) ORGANISM: HOMO SAPIENS 

( X 1 )SEQUQ'*CE DESCRIPTION: SEO W WMz 

S«ff Al. Ars Tbr Leo Atn A«» Arg Tyr Tbr Gly Pro Tyr Tbr Pbe 
J 5 IS 

< 2 ) DOORMAnOK FOR SBO ID NO:?: 

< I ) SEQUENCE CHARACIERIST1CS: 
( A ) LENGTH: 15 .nuDO adds 
( B)TYrE:«itDOKid 
1 D )T0POLOGY&IIiiev 

( i t ) MOLECULE TYPE: pepdde 

(lit )HYPOTKE11CAUNO 

{ T )FRACME?n'TYRE: tmoul 

( T i )0ltiGDtALSOintCE: 

( A ) ORGANISM: HOMO SAPIENS 

( X I )SEQUDJCEDESCRirnON:SBQIDNO:7: 

Ola Ser Oly Tbr Met Arg Tbr Arg His Scr Thr Cly Oly Thr A.x 
1 5 10 15 

( 2 ) INFORMAnON FOR SEQ ID N0:8: 

( I )SEQUD<C£ CHARACTERISTICS: 
( A ) LENGTH: IS .mioo )»cids 
( B ) TYPE: tinfaio Kid 
( D )TOPOLOGY Uite» 
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( I I )MOLEaJLE TYPE: peptide 

(ill ) HYPOTHEnCAL: NO 

( V ) FRAGMENT TYFE: fadosal 

( V \ ) ORIGINAL SOURCE: 

^ A )<»G«"SM: HERPES SIMPIEJC. • 

( X i ) SEQUB^CE DESCRIFTTON: SEQ ID N0:8: 
Pbc Ar« Gin htm V.I Hit Pb« Val Af« A.p Pbe All OIn Le. Leo 
1 5 ^ ° * * 

( 2 ) INPORMAnON FOR SEO ID N0:9: 

( I ) SEQIIEKCE CHARACTERISTICS: 
( A ) LENCTTH: 15 ubido «C)ds 
( B )TYFE:aiiifaio*dd 
( D ) TOPOLOGY^ Uwar 

{ i i ) MOLECULE TYPE: peptide 

(Ml) HVPOTHEnCAL: NO 

( « ) FRAGMENTTYPE: taienal 

( V I )ORiGIHAL SOURCE: 

i A ) ORGANISM: ADENOVIRUS TYPE 12 

( X i ) SEQUENCE DESCRUTIQN: SEO U> NO^: 

A.p Pbe Gin V.I V.l Tbt Pbc Leo Ly. A.p V.I Leo Pro Gle Pbe 
1 5 10 ^ * 

( 3 } INFORM/CnON FOR SEQ ID NaiQ: 

( i ) SEQIJEKCE CHARACTERISTICS: 
( A ) LENGTH: 15 .nma »cUbt 
( B )TYFE:nntaioKkl 
( D )TOK>LOC\iItoew 

( i 1 )MOlECULE TYPE: peptide 

( i M ) HYPCyTHEnCAIj NO 

( V ) FRAGMENT TYPE: btfonal 

( V 1 )ORKiLHAL SOURCE: 

( A ) ORGANISM: PSEUDOMONAS AERUGINOSA 

( X 1 ) SEQim^CE DESCRimON: SEQ ID NO:ia 
A.p Ar« Leo Leu Mci Leo Pbc AI. Ly. Aip V.l V.l Ser Arg A.n 

( 2 ) WPORMAnON FOR SBQ ID NO:ll: 

( I ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 15 ambw adds 
( B )TYPE:n&bwKk) 
( *D )TOPOLOGTft Bnear 

( M )MOLECULE TYPE: peptide 

(Ml ) HYPOTHEnCAL: NO 

( » > FRAGMENTTYPE: Intemal 

( V 1 ) ORIGINAL SOURCE: 

( A ) ORGANISM: HUMAN PAPULOMAVniUS TYPE 7 

( X 1 ) SEQUENCE DESCRIFnON: SEQ ID N0:11: 

Me Gly Gly Arg V.l Hit Pbe Pbe Ly. A.p Me Ser Pro Me AI. 
15 10 
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( 2 ) IKPORMXnOK rOR SEQ ID N0:13: 

( i ) SEQUENCE CHARAClUUSnCS: 
( A ) LENGIH: 15 siiiiDO ackb 
( B )'nrFE: niDO acU 
I D ) TOPOLOGY. liDCM 

( \ I )M0iiXXaETYPE: pqirtdc 

(Mi ) HYTOnCETlCAIj NO 

( V )HIAGMEKTTYPE: fattenai 

( V I )0RK;LVAL SOURCE: 

( A ) ORGANISM: EPSTEIN-BARR VIRUS 

( X I ) SEQUEKCS DESCRIPTION: SEQ ID N0.12: 

Tbr Gly Gly V.I Tyi Hi. Phe V«l Ly. Ly. Hi. V.I Hi. Gl. S«r 
I 5 10 * * 

( 2 ) INFORMAnON FOR SEQ ID K0:13: 

( I )SEQUEKCSCHARACrrTOISnrS: 
( A )t£KGIH: tSuBlnaacids 
( B )T)rFE:n>bMKld 
( D ) TOPOLOGY. Umu 

( I t )MOLECU£TYPE:feFtlde 

(111 ) H^TOTHEnCAii KO 

< V )FRACMEKTTVVE: taunwl 

( V I )ORIGIXAL SOURCE: 

( A ) ORGANISM: D4FLL*ENZA VIRVS TYPE A 

( X I ) SEQUENXE DESCRIPTION: SEQ [D N0:13: 

T»r Ar« A. a L.» V.l Tip Ph« lie Ly. Ly. A.d Tbr Ar« Tyr Pro 
, • 5 10 15 

O ) INPOItMXnaK FOR SB) ID Nai4: 

( I ) SEOUEKCB CHARACTERtSnCS: 
( A ) LEKGIH: IS unino Kid. 
i B )TYPE:«ntoo.dd 
( D )TOPOLOGY. linor 

t i I )MOLBCCl£ TYPE: peptide 

(til )HYPOIHEnCAL:NO 

( V )FRAGMENTTYF£: xOtmA 

( V t ) ORIGINAL SOURCE: 

< A ) ORGANISM: REOVTOllS TYPE 3 



( X I ) SEQUENCE DESCWrnGfN:SFO ID NO:1 4: 



Me I A 

1 



, Ar« Al. Al. Pb. L.» Phe Ly. Tbr V.l Giy Pbe Gly Cly 

5 X 0 .15 



( 3 ) fNFORMXnON FOR SEQ ID N0:15: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: IS .mino Kids 
( B )TYPE: .ffliDOKid 
( D )TOF0LOGY Uoetf 

( I I )MOIJ3CULE TYPE: peptide 

(III ) HYPOTHEnCAL: NO 

( V ) FRACl^fEKTTYPE: im 
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( V I )ORIGLNAL SOURCE: 

< A ) ORGANISM: HERPES .SIMPLEX VIRUS 

( X i )SEQUEKCE DESCRIPHON: SB) IDNOilS: 

Gly Cly Aig Atg L<o Pbe Pbc V.I Ly* Al» Hl» V.I Ars Gl« S«r 
I 5 10 IS 



( 3 ) INFORMAnOM FOR SBQ ID NO:t6: 

( I ) SEQUQCCE CHARACIERISnCS: 
( A ) LENGTH: 15 .mb» Mds 
( B )'nrpL «nfa>oadd 
( D )TDPOL0CY^ Imtar 

( I i ) MOLECULE TYPE: peptide 

(tit )HYPaTHEnCAL:NO 

( V )FRAGMQnrTYPE: islciiul 

( V i ) ORIGINAL SOURCE: 

( A )0Ra6JflSM: HOMO SAPISIS 

( s i ) SEOin?^T£ DESCRTFnON: SBQ to K0:]6: 

Cltt A%m Pro V.I V.I Ht« Pbe Phe Ly« A.» Me V.I Thr Pro Arg 
15 10 15 



Wc claim: 

1. An isolated polypeptide consisting essentially of an 
amino acid sequence selected from the group consisting of 
SEQ ID NO.: 1, SEO ID NO.: 2, SEQ ID NO.: 3. SEQ ID 
NO.: 4. SEQ ID NO.: 5, SEQ ID NO.: 6, and SEQ IDNO.: 

7. 

2. An isolated polypeptide consisting essentially of an 
amino acid sequence selected from the group consisting of 
SEQ ID NO.: 8, SEQ ID NO.: 9, SEQ ID NO.: 10, SEQ ID 



NO.: 11, SEQ ID NO.: 12. SEQ iD NO.: 13. SEQ ID NO.: 
14, and SEQ ID NO.: 15. 

3. A composition comprising a pbannaceutically accept- 
able carrier and a polypeptide of claim 1. 

4. A composition comprising a pharmaceutically accept- 
able carrier and a polypeptide of claim 2. 

35 
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T lymphocytes play a central role in specific im- 
mune responses to protein antigens. In Chapter 5, we 
intrcxluced the concept that the physical forms of anti- 
gens recognized by T cells are actually peptide frag- 
ments that are derived from protein antigens and are 
bound to cell surface proteins encoded by genes of the 
major histocompatibility complex (MHC). Peptides 
bound to class I MHC molecules are typically derived 
frpm proteins synthesized in the cell that displays them 
(i-e^ "endogenous antigens") and are recognized by 
CD8+ T cells, which are usually cytolytic T lymphcxytes 
(CILs), CTLs provide a major host defense mechanism 
against intracellular microt>es. In contrast, peptides de- 
rived from proteins in the extracellular environment 
("exogenous antigens") are displayed in association 
with class II MHC molecules and are recognized by 
CD4* T cells, which are usually helper T lymphocytes. 
Helper T cells are required for the induction of humoral 
and cell-mediated responses, which are most effective 
in eliminating extracellular pathogeTis. In this chapter, 
we will describe in greato^ detail the characteristics of 
the peptide-MHC molecule coniplexes, the nature of the 
cells that form and (tisplay these complexes, and the 
mechanisms by which cells convert endogenous and 
exogenous protein antigens to peptides that can bind to 
MHC molecules, the activation and effector mecha- 
nisms of T cell subsets that occur subsequent to recog- 
nition of peptide-MHC complexes will be discussed in 
later chapters. 

Characteristics of Antigen 
Recognition by t 
Lymphocytes 

Our current understanding of T cell antigen recog- 
nition is the culmination of a vast amount of work that 
began with studies of the physicochemical forms of 
antigens that stimulated cell-mediated immunity. 
These studies led to the discovery that cells other than 
T lymphocytes play an obligatory role in T cell activa- 



tion by foreign antigens, and later to the elucidation of 
the function of MHC molecules in T cell antigen recog- 
nition. * 

The Forms of Antigens 
Recognized by T Lymphocyies . 

The specificity of T lymphocytes for complexes of 
peptides and MHC molecules determines several char- 
acteristics of T cell antigen recogniUon, which differ in 
hindamental ways from antigen recognition by anti- 
body molecules. 

1 . T lymphocytes recognize only peptides, whereas 
B cells can specifically recognize peptides, proteins, 
nucleic acids, polysaccharides, lipids, and small chemi- 
cals. As a result, T cell-mediated immune responses 
are induced only by protein antigens (the natural 
source of foreign peptides), whereas humoral inunune 
responses are seen with protein and non-protein anti- 
gens. Some T cells are specific for chemically reactive 
forms of haptens such as dinitrophenol. In these situa- 
tions, it is likely that the haptens bind to cell surface 
proteins, including MHC molecules, and peptides con- 
taining these hapten conjugates are recognized by T 
cells. 

2. T cells recognize only linear determinants of 
peptides defined predominantly by primary amino add 
sequences that assume extended conformations within 
the peptide-bindii^ clefts of MHC molecrules. In can- 
trast. B cells specific for protein antigens may recognize 
conformational determinants that exist when proteins 
are in their native tertiary (folded) configuration r de- 
termiiiants that are exposed by denaturation or pro- 
teolysis. Thus, when an animal is immunized with a 
native protein, the antigen-specific T cells that are stim- 
ulated will respond to denatured or even proteolyti- 
cally digested forms of that protein. In contrast, anti- 
bodies produced by B cells after immunization with the 
native protein react only with the nathre protein (Table 



TABLE €-1. Qualitative Differences Id Antigen Recognition 
by T and B Lymphocytes 



Secoodary ImnoDC Retpoase 



rCtU^MtdlQttd 

ImmnolziBg Secoidary B Ctll-Htdlated (Ihlafed'Tjpt) 

Aatiges Aatlgep Eiposorc (A ntibody Hvdactha) Hyptnensithlty 

Native protein Native protein + + 

Denatured protein Native protein - + 

Native protein Denatured protein - + 

Denatured protein Denatured protein + + 



Antigen recognition by T and B lymplKNytes is <|ualitativel)r different In an intmnni^y^ 
animal, B ceOs are specific lor confonnational ddenninanU of Ibe immunogen and, 
tlierefbre, distinguish betwm native and denatured protein antigens. T 0^ 

Ml distinguish betwm) native and denatured protein antigem because T ccBs lecflgnm 
Pnear epitopes on short peptides derived from the intact proteins ly proleoly^. 
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6-1). Consistent with this difference in the nature of 
antigenic determinants for T and B cell recognition is 
the finding that T cell responses to a soluble antigen 
cannot be inhibited using antibodies specific for con- 
formational determinants of that antigen, whereas anti- 
gen recognition by B cells can be competitively inhib- 
ited by such antibodies. 

3- T celk recognize and respond to foreign peptide 
antigens only when the antigen is attached to the sur- 
faces of other celk, whereas B ceHs and secreted anti- . 
bodies bind soluble antigens in body fluids or cell sur- 
face antigens. This is because MHC molecules form part 
of the complex that T cells recognize, and these mole- 
cules are cell surface-bound integral membrane pro- 
teins. The display of peptide-MHC complexes in a form 
that can be recognized by T cells is called antigen 
presentation. Cells that display antigens in this form 
are called antigen-presenting cells (APCs). The 
properties and functions of APCs are discussed later in 
the chapter. Although historically the term APC has 
most often been used to describe cells that present 
antigen to CD4* helper T lymphocytes, it is now appro- 
priate to describe tai^et cells of CTL lysis as APCs as 
well, since CTLs also recognize peptide-MHC com- 
plexes on the surface of these target cells. 



Physicochemical Features of 
Peptide-MHC Complexes 

In order to stimulate T cell responses, peptides 
derived from protein antigens must bind to MHC mole- 
cules and must remain stably bound long enough to 
allow specific T cells to engage the complex. We will 
first describe the characteristics of the peptide-MHC 
complexes that T cells recognize, and later we will de- 
scribe how these complexes are fwmed. The stnicturaJ 
basis for peptide binding to both class I and class II 
MHC molecules has been analyzed by three ap- 
proaches: (1) binding assays of peptides to purified 
MHC molecules in cell-free solutions; (2) x-ray ciystal- 
lographic analyses of purified MHC molecules with 
bound peptides; and (3) amino acid analysis of ifeptides 
eluted from MHC molecules purified from cell mem- 
branes. The following are the main features of MHC- 
peptide interactions elucidated by these approaches: 

L The association of antigenic peptides and MHC 
molecules is a saturable, low-affinity interaction (K4 
10'^ M) with a slow "on rate" and a very slow "off rate. " 
These features were determined first by tiie techniques 
of equilibrium dialysis (see Chapter 3 and Rg. 6-1) and 



flGUSi 6-1. Demonstration of 
peptkh Nnding fo MHC mohofhs 
by equ^ibrium dkfysh, PuriM M* 
class n MHC mplecutes bind a pep- 
tide fragment of hen egg fysozyme 
(HEL). HEL(46'6ll that is labeled 
with a fluorescent marker (NBD), 
which allows the concentration of 
the peptide to 6e determined (A). 
Analysis of the amount of HEL 
bound (Le., the concentration 
within the dialysis membrane mi- 
nus the concentration outside) at 
varying concentrations of peptide 
shows that the innding is saturatfle 

(B) . Scatchard analysis shows that 
each M* molecule has approxi- 
mately one binding site (X-axis in- 
lercefHl and the dissociation con- 
stant (KJ is approximately I x 
10-^ M (calculated from the slope 
of the line). In this plot, r repre- 
sents the number of peptide mole- 
cules tfound to each MHC molecule 
wften there is an excess of. peptide 

(C) , Plate that HEL(4&^2) is 
known to be presented in associa- 
tion with l-A^ molecules. (Modified 
with permission from Babbitt, B. 
/>.. P. M. Allen, C. Matsueda, E. Ha- 
ber, and £ R Unanue. Binding of 
immunogenic peptides to la histo- 
compatitnlity molecules. Nature 
3I73S9-36I, 198S. C<^yright © 
1985, Macmillan Magazines Ltd) 
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